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PREFACE. 



WE submit the following clear statement in regard to the 
Undulatory Theory of Sound, from the Article on Acous- 
ti<is in the London Encyclopaedia, a large and able work of 22 
volumes, published at London, England, in 1827 (Todd's 
edition) " by the original editor of the Encyclopaedia Metro- 
politana, assisted by eminent professional and other gentlemen :" 

" Strange it is, that upon a topic which has exercised the powers of a 
Bacon, a Newton, and a Boyle, and to which some of our most accurate 
modern experimenters have also directed their attention, so little that 
is satisfactory in theory can be produced. There is, in fact, hardly any 
doctrine of acoustics, that can be offered with confidence to the reader. 
Embracing phenomena, which must have attracted the attention of 
mankind from the earliest period of history, and which as it is con- 
nected with music, and every modulation of the human voice, offers 
much that is in the highest degree essential to the pleasure of social 
intercourse, a philosophical theory of sound seems as yet to have eluded 
research. We shall, in this article, therefore only attempt a record of 
the best opinions upon the subject that have been given by our pre- 
decessors : fairly avowing to our readers, that we look to a better 
digest of past experiments, and many future additional ones, for a 
more satisfactory theory than any that has yet been offered : every one 
that we have yet seen being in many important points, inconsistent 
with well recprded facts and observations. 



vi PREFACE 

" Philosophers, in attempting to find the immediate cause of sonorous 
motion, tell us that all bodies consist of an infinite number of invisible 
parts or corpuscles perfectly hard and incompressible ; that these are 
surrounded by particles differing according to the different union and 
figures of their component parts ; and that these last being compressed 
by an external power or impulse, have a constant tendency to restore 
themselves to their settled and former state. It is this motion of the 
latter particles which M. Perrault and others consider as the proximate 
cause of sound. So that if we rightly understand this theory, it is 
simply the struggle of the elastic portion of bodies which produces the 
phenomenon in question. But what proof has ever been offered of the 
existence of these hard and impressible portions ? 

"Various objections have been made to the Newtonian system of 
sounds. It is urged, that this theory can only agree with the motion 
of sound in an elastic fluid, whereas sounds are known to move forward 
through water that is not elastic. To explain their progress therefore 
through water, a second theory must be formed : so that two theories 
must be made to explain a similar effect ; which is equally contrary to 
the simplicity of true philosophy, and of nature. 

To get rid of this difficulty the scientists have changed 
their statements in regard to water, declaring that it is en- 
tirely elastic. 

" It is further argued, that the slow vermicular motion, but ill repre- 
sents the velocity with which sounds travel. In short, it is urged, 
that such-andulations as have been described, when coming from several 
sonorous bodies at once, would cross, obstruct, and confound each other ; 
so that, if they were conveyed to the ear by such means, we should 
hear nothing but a medley of discordant and broken articulations. 
But this is equally with the rest, contradictory to experience, since we 
hear the fullest concert, not only without confusion, but with the 
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highest pleasure. These objections have given rise to another theory : 
which we shall likewise lay before the reader ; though it appears also 
liable to objections, which shall be afterwards noticed." 

In the article on ** Sound," in the same work, this subject is 
further discussed as follows : 

" In the infancy of philosophy, sound was held to be a separate exist- 
ence, something which would exist, although no hearing animal existed. 
This was conceived as wafted through the air to our organ of hearing, 
which it was supposed to effect in a manner resembling that in which 
our nostrils are affected when they give us the sensation of smell. It 
is one of the Platonic species, fitted for exciting the intellectual species, 
which is the immediate object of the soul's contemplation. Yet, even in 
those early days of science, there were some, and, in particular, the 
celebrated founder of the Stoic school, who held that sound, that is, the 
cause of sound, was only the particular motion of external gross matter, 
propagated to the ear, and there producing that agitation of the organ 
by which the soul is immediately affected with the sensation of sound. 
Zeno, as quoted by Diogenes Laertius (lib. vii. § 158), says, * Hearing is 
produced by the air which intervenes between the thing sounding and 
the ear. The air is agitated in a spherical form, and moves off in waves, 
and falls on the ear, in the same manner as the water in a cistern un- 
dulates in circles when a stone has been thrown into it.' The ancients 
were not remarkable for precision, either of conception or argument, 
in their discussions ; and they were contented with a general and vague 
view of things. Some followed the Platonic notions, and many the 
opinion of Zeno, but without any further attempts to give a distinct 
conception of the explanation, or to compare it with experiment. 

" In the mean time, the anatomists and physiologists were busily 
employed in examining the structure of our organs of hearing. Im- 
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pressed with the validity of this doctrine of aerial undulations being 
the causes of sound, their researches were always directed with a 
view to discover those circumstances in the structure of the ear which 
rendered it an organ susceptible of agitations from this cause ; and they 
discovered many which appeared as contrivances for making it a drum, 
on which the aerial undulations from without must make forcible im- 
pulses, so as to produce very sonorous undulations in the air contained 
in it. These therefore they considered as the immediate objects of 
sensation, or the immediate causes of sound. But some anatomists 
saw that this would not afford a full account of the matter ; for, after 
a drum is agitated, it has done all that it can do ; it has produced a 
noise. But further process goes on m our ear : There is behind the 
membrane, which is the head of this drum, a curious mechanism, which 
communicates the agitations of the membrane (the only thing acted 
on by the undulating air) to another chamber of most singular con- 
struction, where the auditory nerve is greatly expanded. They con- 
ceive, therefore, that the organ called the drum does not act as a dnim, 
but in some other way. Indeed it seems bad logic to suppose that it 
acts as a drum merely by producing a noise. This is in no respect 
different from the noise produced out of the ear ; and, if it is to be 
heard as a noise, we must have another ear by which it may be heard, 
and this ear must be another such drum ; and this must have another, 
and so on for ever. 

" These anatomists attended therefore to the structure. Here they 
observed a prodigious unfolding of the auditory nerve of the ear, which 
is curiously distributed through every part of this cavity, lining its sides, 
swinging across it like a curtain, and sending off fibres in every direc- 
tion, so as to leave hardly a point of it unoccupied." 

Criticisms like the above in regard to the theory of Sound, 
generally accepted by the bookmen, we might quote by the 
hundreds, but will only add one more from the highest au- 
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thority among those who have accepted these theories for the 
purposes of teaching. We refer to Ganot, author of the most 
able and widely circulated text-book ever published on Physics. 
Mr. Ganot writes his book to sell, accepting those theories, 
which are more generally taught, but evidently in this case, 
perceiving their intrinsic worthlessness, he hedges against the 
future with the following statement (Chapter I., page 3, Four- 
teenth edition) : 

" In our attempts to ascend from a phenomenon to its cause, we 
assume the existence oi physical agents, or natural forces acting upon 
matter ; as examples of such we have gravitation, heat, light, magnetism 
and electricity. 

" Since these physical agents are disclosed to us only by their effects, 
their intimate nature is completely unknown. In the present state of 
science, we cannot say whether they are properties inherent in matter 
[corpuscular], or whether they result from movements impressed on 
the mass of subtile and imponderable forms of matter diffused through 
the universe [undulatory]." 

With this complete demonstration that the undulatory the- 
ories have never been verified, and with a sincere belief our- 
selves, which we know to be shared by many others, that they 
are utterly worthless, and indeed much worse than that, because 
standing in the way of real knowledge, we offer instead evidence 
that Sound is corpuscular which we believe to be unanswerable. 

This places the Theory of Sound in harmony with Newton's 
Corpuscular Theory of Light, which is again being received 
by some of the best thinkers as correct, and which beyond any 
possible question is so. 

Odor is known to consist of infinitesimal corpuscles of matter, 
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as, in some cases, these have been discovered floating upon 
water. And so, unquestionably, corpuscles of Sound were dis- 
covered by Oersted and Wheatstone in studying the vibrations 
of plates. 

That all the sensations have a similar cause is in the nature 
of a self-evident truth. Under 'Copernicus* the British Ency- 
clopaedia says : 

* He sought by a comparative study of the various astronomical sys- 
tems of the ancients to evolve from them a single system at once simple 
and consistent.' 

** Thus arose the Copernican system, in which all the planets 
revolve around the sun, superseding the old Eg>'ptian, in which 
Mercury and Venus revolved around the sun, whilst itself, with 
Mars, Jupiter, and Saturn, revolved around the earth. In this 
case the error of many centuries, which supposed the action of 
the planets to be controlled by different laws, was corrected. 
It is certainly full time that a similar error of equally long 
standing, which makes the senses governed by different laws, 
should be corrected." 
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WE have been repeatedly asked by thoughtful men who 
have become satisfied that the Undulatory Theory of 
Sound was a gross error, as much so as the old Ptolemaic 
Theory of Astronomy, to publish a book upon Sound which 
would thoroughly expose those portions of the present theory 
that are erroneous, and not be too bulky or expensive — some- 
thing that would come within the reach of all. 

When the last volume of ** Ellen " was published, a book of 
over 900 pages, and the first volume of the American Stallion 
Register, of 1 100 pages, was also finished and printed, there 
seemed to be an opening in which we could do this. And we 
are happy to say that since we left the Bread Loaf in October 
we have finished such a book, which is now in type, and will 
soon be published. The title of it is, 

"THE NEW PHYSICS." 

But although it treats on the principles of the new physics 
at several points ; it is mainly taken up with a condensed but 
complete exposure of the errors in the present theory of Sound. 

We wish to say in this connection, that, — whilst we have for 
years opposed all undulatory theories, as at variance with the 
fundamental principles of creation, and otherwise not only en- 
tirely, but very foolishly, erroneous, — none would more willingly 
give credit to the work of many scientists in investigating some 
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of the principles of Sound, one of the most remarkable, useful 
and beneficent of nature's phenomena. We refer to such men 
as Oersted, Wheatstone, Savart, Latour, Duhamel, Von Helm- 
holtz, Koenig, and perhaps many others, who with much labor 
and skill have looked up and successfully explained some of 
the most difficult problems connected with this science. 



In our work upon this new book we saw the desirability of 
more knowledge in regard to the graphophone, and therefore 
arranged for certain experiments at Middlebury, with following 
results : 

NO. I. 

The recorder was placed in contact with a blank cylinder, 
that is, on a paraffin and wax cylinder which had not been used 
for a record. The cylinder was not set in motion. Hallooing 
into megaphone, a well defined indentation was made shaped 
like the end of glass recorder, with pulverised paraffin and 
wax surrounding it. Reproducer run over indentation, two 
distinct sounds or ticks were produced, one for each revolution. 

The recorder was passed over a portion of cylinder without 
sound being uttered, forming only grooves ; then the cylinder 
was stopped and the recorder placed upon the grooved surface. 

The experimenter hallooed loudly into the horn without sen- 
sibly disturbing the air. The result was an indentation in the 
paraffin and wax across two grooves and up the next one. 

On watching the recording stylus with a magnifying glass, 
the pulverized paraffin and wax was seen to rise up and accu- 
mulate about the point as long as the sound continued. Repro- 
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ducer run over it, gave three distinct sounds or ticks, one for 
each revolution of cylinder. 

NO. 3. 

Recorder resting on blank cylinder in motion, loud halloo 
in graphophone; result, well marked indentation on cylinder 
except near beginning and end of sound, where slight groove 
shows with light indentations ; record shows that the sound con- 
tinued four complete revolutions of cylinder. 

NO. 4. 

A few grooves were formed on cylinder ; the recorder was 

placed on a groove, the cylinder being stationary; A, B, C 

were spoken into graphophone not very loudly; an indentation 

was formed extending over one groove. Reproducer run over 

it, gave only ticks. 

NO. 5. 

The letter A was pronounced quickly into the horn, the 
cylinder rotating, and the result was a record extending over 
about one-half a circumference of the cylinder, the indenta- 
tions being alike in form. 

On uttering B and C, the indentations were alike for the same 
letter ; but those of one letter were different from those of each 
of the others. In each case the record extended over about 
one-half a circumference, which means quite a large number of 
indentures made in the production of each letter. This suggests 
the explanation of the different qualities or color of Sound ; for 
though similar, the indentations at the beginning and end of the 
letter were not so deep as those made in the middle of the letter, 
and probably all these indentations vary a little. 
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NO. 6. 

Experiment similar to the last except a cylinder was used 
which had been previously grooved. The letters were spoken 
loudly, B and C being loudest. The result was well marked 
indentations on cylinder. B produced the deepest ones, making 
three indentations and a skip of about equal length, then four 
indentations, the two middle ones deep, the two outside ones 
not so deep, followed by another space, each letter occupying 
a little over half a revolution. The unequal indentations with 
skips occur near the middle of the letter. Reproducer gave 
very distinct sound of each letter, that of B a little rough. 

NO. 7. 

Recorder resting on blank cylinder in motion, a few bars of 
" Home, Sweet Home," were sung into megaphone with con- 
tinuous and strong voice, and at same time an ordinary dinner- 
bell was rung vigorously a little back and to one side of singer. 
Result, a good record of song, "Home, Sweet Home," but none 

whatever of the bell. 

NO. 8. 

Recorder resting on blank cylinder in motion; ordinary 
dinner bell rung vigorously into megaphone: result a fairly 
good record, when repeated by the reproducer. 

NO. 9. 

Three skilled musicians played a Grand March, with piano, 
violin, and cornet. The result was a fairly good record of all 
parts, but that instrument that was the loudest at any particular 
time seemed to predominate over the others in that portion of 
the record. 
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NO. ID. 

The cornet and violin played at the same time different 
tunes in different keys, the piano accompanying the latter in 
a different key, and, in spite of discords, a fairly good record 
was obtained of each instrument. 



It is suggested in ** Ellen " that the indentures are made by 
the different sounds themselves conducted by the diafram and 
stylus into the paraffin and wax. This view is taken to avoid 
the apparent difficulty of several records being made at the 
same time, — as when an orchestra is playing, — by the operation 
of the resultant of several forces. 

We have seen no criticism of this explanation in ^'Ellcn^* nor 
has any been made to us. But the above experiments show 
that the stylus moves or vibrates — for, lifting the recorder up 
.when the music was playing, including the comet (quite a 
powerful instrument), and holding our finger against it, we 
could feel the vibratory movement ; and it is quite possible that 
it alone carves the indentures ; although the sounds which are 
uttered into the megaphone and enter the diafram, it would 
seem, must pass to the recorder and then into the paraffin and 
wax. In case the records are made by the recorder, they are 
not complete, but only such as may be taken without violation 
of the law of resultants ; that is, no fundamental law is inter- 
fered with. Quite possibly the effects of the sounds linger in 
the mind as those of vision do. 

There is still some question of doubt in regard to how the 
record is made, but none whatever that it is made by the sound 
uttered into the megaphone ; and none whatever that it is made 
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by the principle of motion, which this sound inherits from its 
ancestors ; that it is born with, and carries with it through all 
its wanderings, whichever way it travels, or however it travels ; 
and which acts as a sensitive plate to record disturbance, and 
does record it as perfectly as the retina records pictures, — for 
Sound in its essence is an acoustic picture, — and conveys a 
copy to sentient beings. 

In all the forces of creation, no other thing can do exactly 
this. The disturbance produces Sound, which not only has 
the power of movement, but under favorable circumstances 
can make an instrument, that, when agitated, will recreate the 
sound, diminished in force, but capable of performing, and 
for the purpose of performing, some other important function, 
perhaps if not probably for use in the records of memory, — the 
memory of sounds. 

Thus a disturbance is easily photographed upon the surface 
of water, from the shimmering undulations of a gentle breeze, 
to the vast waves of a destructive storm. And so the pictures 
of disturbance, which constitute Sound, are prepared for the 
market through the vibration of the body in which they are 
made, and are themselves infinitesimal particles of matter in 
motion. But in all such cases, results are produced by contact 
of matter with matter. 



THE NEW PHYSICS 



SOUND 



I. 

OOUND is one of the most remarkable phenomena of the 
^^ world, and doubtless of the universe. Its principal object 
would appear to be the dissemination of knowledge among in- 
telligent creatures, and in this category all things having intelli- 
gence, whether little or much, are practically included. 

In material conditions all instruction of intelligent beings is 
accomplished through the sensations, and Sound is one of the 
principal sources of sensation. Its value thus in the furnish- 
ment of the universe becomes most evident. It might be dis- 
pensed with, as it has to be with those who are entirely deaf, 
but without it the system of the world's education would be 
seriously incomplete. 

In addition to its more strictly utilitarian uses, Sound holds a 
conspicuous part in the aesthetics of the universe, there being 
hardly any sounds but what are contributory to these, and 
many of them remarkably so. Thus we have the music of the 
birds, of the forest and of the ocean, of mountain streams, and 
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of the human voice. In utilitarian lines is the great conven- 
ience and delight of conversation. So that it may be easily- 
seen that if there were no sounds it would be to the very 
great loss of this wonderful universe. To those who had been 
accustomed to them a large part of its attractions, as well as 
instruction, would be gone. 

In studying the nature of the universe it becomes evident 
that throughout it is constructed upon mechanical principles, 
from the largest sphere to the most delicate cloud or flower. 

By intelligence its different features are formed, placed in their 
respective positions, and fitted for their various uses. There 
are no exceptions. The Intelligence which planned it was equal 
to its fullest conception, and all things conform to the laws of 
usefulness and beauty. 

Among these, and one of the more important of them, is 
Sound. 

The mind of man is doubtless able to understand the laws by 
which every material thing is constructed. And therefore as 
soon as these laws are discovered there should be no doubt 
in regard to them. There has always been great doubt, or 
great ignorance, as to the nature of Sound, although it is 
impossible to see any good reason why there should be. 
In the case of light Newton studied the matter carefully 
and became satisfied that it consisted in infinitesimal particles 
of matter thrown off by illuminating bodies. And he was right. 
And so, too, odor consists of infinitesimal particles of matter 
thrown off by the odoriferous body, which is accepted by all, 
as it is possible in certain conditions to see the particles with a 
microscope. Because of the Universality of Natural Law, it 
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follows that Sound, a third source of similar sensations, consists 
of infinitesimal particles of matter thrown off by a sounding 
body. It will be readily perceived by a thorough study of 
the different phenomena of Sound, that by the corpuscular 
theory every phenomenon or operation of Sound is fully ex- 
plained, — as always in any theory they should be if the theory 
is true, — and it is equally true that by no other theory ever 
suggested can any of these — not a single one— be satisfactorily 
explained. 

UNIVERSALITY OF NATURAL LAW. 

"Order is Nature's First Law," and therefore if we wish to learn 
about any particular phenomenon, we can easily do so by com- 
paring it with similar phenomena of which we have knowledge. 

Thus we have plants, and certain things are true of all of 
them. They derive their sustenance from matter and are 
propagated by seed or cuttings. There is no other way. 

And so animals, whether large or small, have life, and motive 
power. They also derive their sustenance from matter; and 
each variety reproduces its kind, and can reproduce no other. 

The endless variety of sounds are, too, made by sound-pro- 
ducing instruments, either natural or artificial. There is no 
other way; but nearly every body may be a sound-producing 
instrument 

And every instrument makes one particular sound, and can 
make no other, unless it be a compounded instrument, as a 
piano, made to make several sounds, in which case it can make 
these several sounds, and can make no others. That is, 
any instrument can make the sounds it was made to make, and 
no others. 
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The suggestion that a diafram, or any other thing, could 
make the different sounds heard at a receiving telephone, which 
practically means all the sounds in the universe, is just as ridic- 
ulous, and similarly so, as that a plant, any plant, could pro- 
duce every plant in the universe, or an animal, every animal. 

There is but one power that can do this, and that is the 
highest Intelligence. God alone can create all the sounds of 
the universe, the plants, or the animals. And He has created 
them all, in accordance with certain laws, in which, so iar as 
we are concerned, certainly, there is no variance or shadow of 
turning. 

These facts being so self-evident, it is of course extraordinary 
that any one should have adopted the explanation given by 
scientists of the action of Sound at a telephone, that it is all 
made by the diafram, or some other part, of the receiver. We 
think no one could have done it if he had seriously considered 
what it meant. But the telephone came so suddenly and was so 
novel that many lost their judgment. Again, there could have 
been no such explanation except for an erroneous Theory of 
Sound. This subterfuge alone offered to save that theory, and 
in the wonder of new and most remarkable discoveries it was 
made to float for quite a time. The world at large are always 
ignorant of such subjects. In this case, first came the telegraph, 
then the telephone, followed almost immediately by something 
which seemed far more wonderful than either — the grapho- 
phone. By this time the great majority of folks were prepared 
to believe almost anything that was claimed for either Electricity 
or Sound. 

But though all these phenomena connected with electricity 
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and sound came together, and for a while demoralized ordinary 
judgment, the true connection between them, or the possible 
accomplishment of each, with the lapse of time is becoming 
entirely evident. It was natural enough at first to suppose that 
sounds made at a telephone receiver were made in some similar 
manner to those of the graphophone, which last was an entire 
enigma, seeming to suggest that Sound like water might issue 
from any unknown source. And under such conditions it was 
not difficult to advance any explanation, possible or impossible, 
for those heard at the telephone. 

All our previous knowledge was that Sound was made by 
sound-producing instruments, made for the purpose. Nor did 
any one ever conceive any other origin for it. If the sound of 
a jewsharp was wanted, a jewsharp was made to make it. The 
same was true as to all artificial sounds. And as nature is 
known to be far more skilled than man in the creation of things ; 
and also as it is understood that man in his inventions makes 
use of the principles and material used in nature, and can make 
them in no other way; it followed that artificial sounds were 
similarly made. That is, they were made by instruments de- 
signed to make them, or which included in their design the 
power to make them, — and that means the principles necessary 
to make them. Here was a method of supply sufficient for its 
purpose, and satisfactory to the mind. For it harmonized with 
the perceptions of intelligence, and the universal order of 
creation; just enough arrangement to produce the result sought 
with no waste. 

The idea that all sounds could be made equally well by any- 
thing, whether made to make them or not, — that is, whether it 
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included the principles necessary for their production or not, — 
as an iron core, diafram, coil of wire, bar, curbstone, fireplace, 
or chimney, all of which are specified in scientific experiments 
as making them (See "Ellen," Vol. II., pages 478, 479), origi- 
nated entirely in a fake theory of Sound, and will have to be 
swept out with the theory. For the graphophone, instead of 
pointing to any other method for the manufacture of Sound 
than that which has always been accepted, is another illustra- 
tion of that method. 

The graphophone record is itself made by Sound, and when 
played upon will repeat the sound which made it, which is the 
sound it was made to make, and it can make no other. 

For all material things are made for a purpose, and can ac- 
complish that purpose, but only by the methods provided for 
doing it. They are themselves utterly helpless to do anything 
except what they were made to do, and that means what they 
have the machinery to do. 

A fundamental law of Sound is that every body has a nor- 
mal vibration. The scientists say every elastic body, but their 
definition for elasticity is so varied that it is hardly worth 
considering. 

But still further is the universality of natural law illustrated, 
for all sound instruments remain as silent as the grave until the 
principle of their use is brought into action, — something to play 
upon them. That is, there must be shock. For this is as in- 
dispensable a feature in the creation of Sound, as soil for the 
development of seed, or food for that of animals. All of this 
now is easily perceived by a little careful study, and is fully 
explained in "Ellen." And these infinitesimal instruments 
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made by Sound are just as capable of uttering their music, 
when the proper machinery is set in motion, as the largest 
organ, and this, whatever the cause of their infinitesimal ap- 
pearance. They look small to us, but what that signifies we 
do not know. They will make the sounds all right, which, 
in form, are certainly infinitely smaller than they. And the 
megaphone will magnify these sounds so that they may equal 
those of the larger instruments. 

With this further instruction showing the unchangeableness of 
the laws of nature, we learn that all sounds heard at the telephone 
are made where the sound-producing instruments to make them 
are situated. And this means, in the case of persons, where the 
person is, the intonations of whose voice are recognized. 

The two principles, then, in the manufacture of sounds are, 
first a machine, whether large or small, fitted to utter a certain 
sound, and this is represented by any so-called elastic body, 
and second, shock or disturbance, to produce the sound which 
the instrument was formed to utter. 

The above principles are in universal application in the pro- 
duction of sounds. And they are just as certainly connected 
with the sounds of the telephone as with any other. Nature 
uses no superfluous causes. Her creations enter into every 
conceivable want, but there is no useless work in them. They 
stop when their object is accomplished. 

Nature's plan then is that every sound-producing body makes 
whatever sound or sounds it was made to make, and no others. 
The scientific explanation of the action of Sound in a tele- 
phone is that every so-called elastic body may make, and indeed 
will make, every sound in the universe. 
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For if a diafram is made to vibrate so as to repeat all sounds, 
every body into which sounds enter, and that means nearly or 
quite all bodies, must do the same, and thus be engaged in- 
definitely in producing all sounds, often striving hard to make 
a number of sounds at the same time, of course making a 
dismal failure, although if it was possible that any one of 
the fundamental laws of nature like that of Sound, or Light, or 
odor, being made by instruments or things made to make them, 
could be violated, all might be, and a body or thing or person — 
any body or any person — might as well make several things or 
any number of them at the same time. That light is made by 
bodies made to make it, as the sun or a lamp ; or odor by 
things made to make it, as a sweet pea or water lily, — that is, 
by things having light-making or odor-making machinery, and 
that they can make no other light or odors than those they 
were made to make, or have the machinery to make, — is no 
more true, than that nothing can make Sound unless made to 
make it, or any sound except what it was made to make, and 
that means any unless it has the machinery to make it. In 
this way, one of law and order, is the Universe made, nor can 
we see how it could be made without law and order. You 
cannot gather grapes from thorns or figs from thistles. 

In this un-scientific explanation of the action of Sound at a 
telephone, we have the assumption that all the sounds of the 
universe are made without any means whatever to make them ; 
that is, that the wires, sounding board, or keys, are not neces- 
sary to the music of a piano, but that this music could be 
got just as well from an iron post, or a rail fence. 

Instead of any such universe as this, there is one of great 
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magnificence and perfection, made by the Creator who makes 
every particular thing for some purpose, and ordains that many 
things should have the power to perpetuate their kind, but here 
their ability to create ends. 

Sir Isaac Newton in Book III. of the Principia, under ** Rules 
of Reasoning in Philosophy," with great force and truth, says: 

Rule I. 

We are to admit no more causes of natural things than such as are 
both true and sufficient to explain their appearances. 

To this purpose the philosophers say that Nature does nothing in 
vain, and more is in vain when less will serve ; for Nature is pleased 
with simplicity and affects not the pomp of superfluous causes. 

Rule II. 

Therefore to the same natural effects we must, as far as possible, 

assign the same causes. 

Rule IV. 

In experimental philosophy we are to look upon propositions collected 
by general induction from phenomena as accurate or very nearly true, 
notwithstanding any contrary hypotheses that may be imagined, till 
such time as other phenomena occur, by which they may either be 
made more accurate, or liable to exceptions. 

This rule we must follow, that the argument of induction may not be 
evaded by hypotheses. 
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n. 

SOUND, like light and odor, is composed* of infinitesimal 
particles of matter. It is made by shock or disturbance, 
generally dissipated at once, but, under certain conditions, may 
be retained by metals, or tense strings, and possibly some other 
substances. When retained in a body it causes vibration, and 
is itself thrown off by this vibration, that is, by the sounding 
body. Evidently it lingers in the metal or tense string because 
unable to get out, except with difficulty, and therefore slowly ; 
and doubtless if the metals or wires extended an indefinite dis- 
tance, the sound would follow them at once, and disappear. 

These principles are demonstrated by a tuning fork, the 
sound in which is made by a blow, or shock, and immediately 
causes the fork to vibrate, apparently — for it is very difficult 
to see how else it would do it, certainly how it could do it so 
easily — by circulating through its interstices. 

The interstices are similar for forks which make the same 
sounds. That they are similar is proven by the principle of 
sympathetic vibration, where Sound created by one fork will 
pass perhaps through the air, but certainly by wood, and en- 
tering a unison fork, that is, one having normally the same 
vibration, will cause that to vibrate, and emit the sound that 
the first did. 

That is, the sound made in the first fork by the blow or 
shock, and moulded into form by the machinery of the fork, 
enters the second, which, having the same interstices, acts as a 
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receptacle for gathering this kind of sound. It will, too, emit 
the sound in the same manner as the first does. Thus a stove 
will gather and radiate heat, and in a similar way the diafram of 
a telephone will gather and throw off sounds, or perhaps a 
moon, light. The stove cannot make heat, or the diafram, 
sound, nor the moon, light, any more than thorns can bear 
grapes, or thistles figs. 

The decrease of vibration in the first fork is equable, pre- 
cisely so and always so, from the time of shock, when the sound 
begins, until the last of it runs out, or is thrown off. It is, 
then, certain that the blow makes Sound; certain that the 
sound is immediately emitted by the fork, and decreases with 
perfect regularity until it ceases. It is also certain that the 
sound will run away far more rapidly if the stem of the fork 
is placed upon some conductor, as wood. 

Other things being equal, Sound spreads in the atmosphere 
in all directions from the sounding body. In many substances 
it is partially confined, and in some, as a wire, wholly so, in 
its course. That is. it does not spread, but goes straight ahead. 
Lord Bacon, says: 

" It is evident, and it is one of the strangest secrets in sounds, that 
the whole sound is not in the whole air only ; but the whole sound is 
also in every part of the air. So that all the curious diversity of 
articulate sounds of the voice of man or birds will enter at a small 
cranny unconfused." 

There is just one way, and only one way that this could 
happen, and that is, that the sound was infinitesimal enough 
for it to happen. In other words, this fact is another demon- 
stration that Sound is corpuscular, infinitesimal particles of 
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matter. If anyone will insert a needle into one end of a short 
stick, and place the point upon a sounding board, upon which 
the stems of several tuning forks in motion, rest, and the other 
end of the stick in the teeth, he will find that the sounds of the 
different forks will instantly ascend the point of the needle, and 
through the teeth immediately reach the auditory nerve. These 
sounds do not mix. It makes no difference upon what part of 
the sounding board the needle is placed, they will all ascend the 
point at the same time, but not one of them will ascend at all, 
unless the point of the needle touches the board. 

It is equally certain that the sound which is thus thrown off, or 
runs away from a fork, will enter the ear, creating the sensation 
of Sound ; or enter another similar fork, and no other, — at least 
no other unless it is of the same tone or very nearly so, and not 
in the largest quantity, unless it is entirely so, — which it makes 
vibrate. Here is vibration without shock or friction. But if 
this sound is the cause of this second body's vibration, which 
it certainly is, it holds to reason that it was the cause of the 
precisely similar body's vibration which it left. And, these 
facts being so plain, it is most astonishing that erroneous views 
connected with them, utterly senseless, should have been in 
vogue for centuries. Thus strike the fork (any tuning fork), 
and place the stem upon one end of a small stick (spruce very 
good), holding the other end in the teeth, or against the fore- 
head. The sound will run rapidly and in large quantity from 
the fork into the head, where it is plainly heard, and this sound 
has never passed into the air, and of course has nothing to do 
with air waves, or any other waves. And this is the explana- 
tion of sympathetic vibration, so simple that the wayfaring man 
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though a fool could not err therein, although for over 2,000 
years it has been unexplained. 

It was proven by the great electrician Oersted nearly a hun- 
dred years ago that Sound is electrical. And therefore vibra- 
tion is made by an electric force. 

Pitch is determined by the amount of Sound of a certain 
character heard in a certain time. 

The intensity of Sound depends upon the force which makes 
it, infinitesimal particles of moving matter, undoubtedly elec- 
trical, aroused by the shock, upon which also depends the 
length of the vibrations, which themselves otherwise are con- 
trolled by the character of the body in which they take place ; 
and these vibrations of a particular body, that is, of each 
particular body, are the machinery which decide the character 
of every Sound. 

And thus the different brands are formed, similarly as the 
different kinds of lumber, as boards, plank, staves, are made by 
a saw-mill ; or different kinds of goods in any factory although 
neither the lumber from which the boards are made, or the 
cotton or linen, or any other material from which such things 
are made, is made by the mill. These come from the outside. 

Every hard body will produce Sound when struck by an- 
other hard body. Most of these sounds are instantly scattered, 
but certain instruments are in their nature sound-containing, 
just as there are certain bodies, as oceans, lakes, or ponds, 
water-containing; and others as suns, stars, lamps, or candles, 
light-containing. And as the water-producing bodies consist 
of those which contain deposits of water; or light-producing 
ones, those which have deposits of light, however these be 
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made ; so sound-producing instruments consist of those which 
in some way have deposits of sound. 

But all water, however it may be stored or carried, is com- 
posed of oxygen and hydrogen, a mixture of matter in certain 
proportions; so all light and all sounds, as well as everything 
else in the material universe, are made from matter. For al- 
though fluids or gases appear quite differently from solid sub- 
stances, the laws of their combination are similar, that is, they 
are all composed of matter. And therefore, the differences of 
sounds, like those of odors, and ever>'thing else in the material 
universe, must consist in the materials from which they are 
made, and the manner these are mixed. This law is a very 
simple one that every scientist should understand. Nor is it 
possible for him to be of any use in such matters until he 
does. 

All Sound is active. The sound which circulates in a tuning- 
fork, causing it to vibrate, acts very similarly to that which, 
entering a vault or a large church, reverberates. It is in the 
nature of Sound from its inception to scatter in all directions, 
or to try to. When held back as in a fork, or wire, or sound- 
ing board of a musical instrument, these act as a reservoir of 
sound, as before suggested, from which it is thrown off or dis- 
tributed continuously while it lasts. 

To the mistaken idea that vibration makes sound, is in part 
due the theory that the diafram of the receiving telephone 
repeats the sounds uttered at the sounding instrument; whilst it 
is forgotten that millions of vocal organs and other instruments 
are required to make these sounds, which are supposed to be 
thus repeated, and that all these have the necessary machinery 
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to make them, nor could they possibly make one of them with- 
out it, nor can anything else make one of them without it. 

In a recent Middlebury (Vt.) Register was published in part 
a two column article, from the New York Sun of Sunday, 
August 30th, sent by a correspondent from Cambridge, Mass., 
portraying, vividly, Newton's corpuscular theory of light, and 
naming a number of eminent physicists of different countries 
who are zealous advocates of this old theory, now fully 
revived.* 

The corpuscular Theory of Sound must soon follow, when at 
last nature's great system of creation, in which every material 
thing is made through a mixture of matter, will be accepted in 
its entirety. 



♦ See Appendix. 
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m. 

WE have spoken of the origin of sound — a blow or shock, 
by which the proper mixture of matter is made to pro- 
duce the different sounds. And Sound thus made has within 
itself the power of motion, and circulates with wonderful facility 
through many different channels, its mission being to produce 
in man and other animals the sensation of hearing. And this it 
does, and does only, by entering the body, thus coming into 
contact with, or into the immediate presence of the soul. For 
it is the soul only that can feel or think. 

The entrance of matter into the body is the one law by which 
the soul becomes acquainted with material conditions. Every 
material thing thus introduced affects the body in some way, 
but no material thing affects it unless so introduced, or brought 
into contact with the body by touch. 

Thus any article of food taken into the body affects the soul, 
as well as the body, although in a very different way from 
sound or light. But neither the food, sound, or light afiect it 
at all, except as introduced to it by the machinery of the body. 

We mention all this because it all has a bearing as to the 
nature of Sound. There is only one possible way in which 
Sound could give instruction to mind, and that is, first, that it 
is a substance composed of matter ; and second, that it enters 
the body. And this because of nature's unalterable laws. 

Again all vision depends as much upon the capacity of the 
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eye to see, as upon the arrangement or nature of things seen. 

Man has a beautiful range of vision, and can see many won- 
derful things ; but there are myriads of beings with ability to 
see, and unquestionably the scope of that ability varies with 
each different species. 

But all of this difference in vision takes place because of 
the laws which make any vision possible, which laws concern 
both the things seen and the eye seeing. The moral of which 
is that myriads of things, invisible to certain eyes, are visible to 
others, among which, unquestionably, are the particles of Sound 
— as plainly visible through some eyes as drops of water to ours. 

The microscope illustrates how, by the rearrangement of the 
visual angle, things invisible become visible. And so, too, the 
telescope makes possible the perception of things that without 
it would be forever invisible to man. 

From this, again, we can see how utterly senseless it is to 
suppose that nature changes her laws of action, where the limit 
of man's vision prevents him from seeing their operation. This 
subject is very fully treated in ** Ellen," Vol. II., pp. 75-84, in- 
clusive. 

A modem writer most forcibly says : 

"All things in their basic principles resemble all other things, and we 
are safe in judging of the unknown by the known, of the invisible by 
the visible, and of the whole by a part. 

** ShaU we fight against all analogies in the mechanics of nature and 
man to carry out a theory? Shall we not reason from the known to the 
unknown in harmony with nature's infinite unity? Shall we trample 
upon this great law of things by means of which a thousand mysteries 
may be cleared away and a host of new truths discovered ? " 
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In the Encyclopaedia Metropolitana, Sir J. H. W. Herschel 
speaking in the interest of Dr. Young's undulatory theories 
says: 

" If the axis of the fork, or the line to which it is symmetrical, be 
held upright about a foot from the ear, and it be turned round this 
axis while vibrating, at every quarter revolution, the sound will become 
so faint as scarcely to be heard, while in the intermediate axis of rota- 
tion it is heard clear and strong. The audible situations lie in lines 
perpendicular and parallel to the flat faces of the fork, the inaudible at 
45 ^^ inclined to them. This elegant experiment, due originally to Dr. 
Young, has recently been called into notice by Weber." 

It is true that if a sounding tuning fork is turned about the 
ear the sound varies, which is explained by scientists as a won- 
derful demonstration of the extinguishing of sound waves by 
the interference of one wave with another, and is indeed 
supposed to be one of the principal proofs of this undulatory 
theory, although the true explanation is that Soufld is thrown 
off from the flat part of the fork, much faster than from its 
edges, as in the nature of things it must be; and is alone a 
demonstration that Sound is composed of particles of matter. 
Thus if the nozzle of a pipe through which water was being 
thrown, was turned towards the ear, more water would be 
thrown into the ear than if the nozzle was turned from it. It 
is impossible to conceive of anything more self-evident. 

Professor Silliman of Yale College, in Principles of Physics, 
published by him, says: 

" Length of Sonorous waves. — It is easy to ascertain the length of a 
sonorous vibration, if we know the number of vibrations made in a 
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second. For, as sound travels at the rate of 1118 feet per second, if 
but one vibration is made in that time, the length of the wave must be 
1 1 18 feet; if two vibrations, the length of each must be half of 11 18, 

=559 ^eet, &c. 

"C corresponds, as we have seen, to 128 vibrations per second; 
the length of its waves, is therefore, (iii8-^i28)=8.73 feet. 

" The following table indicates the length of the waves corresponding 
to the C of successive scales : 

length of waves in feet Number of vibrations in a second* 

C-3 70. 16 

C-2 35. 32 

C-i 17.S 64 

C I 8.73 128 

C2 ..... . 4.375 256 

C3 2.187 512 

C 4 1.093 1024 

Mr. Ganot says : 

" The wave length of the sounds uttered by a man's voice in ordinary 
conversation is from eight feet to twelve feet, and that of a woman's 
voice, from two feet to four feet." 

All books of physics agree as to the length of these waves. 
Indeed the whole theory depends upon them. And, to produce 
Sound, by the theory, they must enter the ear, every ear, with- 
out disarrangement ; an absolute impossibility. 

But all will agree that if it was possible for them to form, 
there must be room for them to form in. That is, there must 
be at least 70 feet of space for the longest one, between the 
sounding body and the ear, the others proportionally. But, as 
every one can learn by experiment, there isn't a sound thus re- 
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presented but can be heard perfectly, uttered close to the ear, 
with less than three inches between it and the auditory nerve. 
This fact alone shows the utter absurdity of the whole theory. 

Again the lengths of these hypothetical waves as above 
given are only for those made in air. But as the speed of 
Sound is much faster in many mediums than in air, such waves 
in them would be proportionally longer. Thus in hydrogen 
about four times as long; in water something more than that; 
lead about four times; gold and silver about eight times; 
copper over ten times; ash or walnut about fourteen times; 
steel wire or wrought iron, fourteen and one-half times. 

That anything in the shape of waves 70 feet long, or one 
foot long, or of any length, could circulate in air, in all direc- 
tions, and in all times, or in fact at any time, the radius of a 
sphere, thus entering ten thousand different ears, more or less, 
without in the slightest changing their form is an inconceivable 
absurdity. And frequently there are thousands or tens of thou- 
sands of different sounds thus circulating at the same time, in 
the same space. But if this undulatory theory was true, these 
so-called air waves would have to do this in all kinds of 
weather, and against the most formidable opposition of com- 
peting sounds, and many other occurrences. 

As a matter of fact, because of the mobility of the air, it 
would be impossible for air particles to ever form themselves 
into these so-called waves, or pulses, as Newton accurately 
called them, for waves belong to the surface and are impossible 
in the body of a fluid. Newton says : 

" If the medium be not elastic, then, because its parts cannot be 
condensed by the pressure arising from the vibrating parts of the 
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tremulous body, the motion will be propagated in an instant towards 
the parts where the medium yields most easily, that is, to the parts 
which the tremulous body would otherwise leave vacuous behind it. 
The case is the same with that of a body projected in any medium 
whatever, A medium yielding to projectiles does not recede in infini- 
tufHy but with a circular motion comes round to the spaces which the 
body leaves behind it. Therefore as often as a tremulous body tends 
to any part, the medium yielding to it comes round in a circle to the 
parts which the body leaves ; and as often as the body returns to the 
first place, the medium will be driven from the place it came round to, 
and return to its original place. And though the tremulous body be 
not firm and hard, but every way flexible, yet if it continue of a given 
magnitude, since it cannot impel the medium by its tremors anywhere 
without 3delding to it somewhere else, the medium receding from the 
parts of the body where it is pressed will always come round in a circle 
to the parts that yield to it " 

Wire is especially an excellent medium for conversation, as 
illustrated by the toy or box telephone, but by this theory, for 
some of the sounds, there would have to be a length of nearly 
^ of a mile, to enable the ** 70 feet in air wave " to materialize. 
But the conversation can be carried on within a very short 
distance. Isn't it about time for everyone to give up a theory 
so self -evidently absurd ? 
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IV. 

^ I ^HE only possible explanation of an ear trumpet is that 
* Sound is poured into the ear as grain into a hopper. The 
action of the ear trumpet alone is a demonstration that sound 
is corpuscular. Again the idea that any kind of wave could be 
reflected so as to form echoes is inconceivable to any one with 
a single grain of common sense ; it being admitted, as it is in 
all text-books, that any part of such wave, — some of which, as 
we have seen, are supposed to be over 70 feet in length, and all 
of them of considerable length, — represents a certain quality, 
and the whole wave, what is called the correlative without of 
Sound. 

Deschanel says in his text-book of Physics : 

"Character or timbre, which we have already defined, must of ne- 
cessity depend upon the form of the vibration of the aerial particles 
by which sound is transmitted, the word form being used in the meta- 
phorical sense y for in the literal sense the form is always a straight 
liner 

The part of this sentence in italics is incomprehensible, un- 
less it is intended as a suggestion of the contradictory and im- 
possible character of the theory. Ganot says : 

"The timbre or stamp or quality is that peculiar property of note 
which distinguishes a note when sounded on one instrument from the 
same note when sounded on another, and which by some is called the 
color. Thus when the C of the treble stave is sounded on a violin and 
on a flute, the two notes will have the same pitch ; that is, they are 
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produced by the same number of vibrations per second, and they may 
have the same intensity, and yet the two notes will have very distinct 
qualities ; that is, their timbre is different. 

"If we were to represent graphically a compound note, we should 
proceed to construct a curve out of simple notes of different intensities. 
It is evident that the resulting curve will take different forms accord- 
ing to the presence or absence of different harmonics and to their 
different intensities ; in other words, the quality or timbre of the notes 
produced by different instruments will depend upon the form of the 
curve representing vibrations producing the sound." 

Exactly what Ganot means by " the curve representing vi- 
brations producing the sounds " is difficult if not impossible to 
tell. He might mean the facts, the real machinery, back of the 
real sounds, following his still more remarkable statement at 
the beginning of his famous text-book on Physics, which de- 
clares the essential nature of Sound completely unknown.* 

"Vibration of aerial particles by which Sound is transmitted" 
is reasonably perspicuous, as, considered in connection with the 
usual explanation of the theory, evidently referring to supposed 
air particles ; but how such form could possibly retain its char- 
acter until it had delivered its message to the soul within, the 
function and only function for which it exists, is again incon- 
ceivable. That particles of matter should retain their character 
until their purpose is accomplished, is wholly in accord with 
the known operations of nature. It will be seen that one physi- 
cist here talks about the form of the curve, whilst the other 
says the form is always a straight line. 



♦ Sec Preface, page ix. 
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Professor Pietro Blascrna in his theor>' of Sound, says : 

"The third characteristic difference of musical sounds is their quality 
or timbre. Suppose that the same note is sung by different human 
voices, and played on the pianoforte, violin, flute, etc., it does not re- 
quire a delicate musical ear to recognize that these notes, although of 
the same loudness and pitch, are nevertheless different from each other. 
Our ear goes even farther in this direction, and not only distinguishes 
between violin and flute, but even between one violin and another by a 
different maker. The difference is ver)' marked, and makes itself felt 
in a most remarkable manner in the price of the instrument. 

"The difference of timbre is therefore ver}- important, and very char- 
acteristic. In the human voice, which constitutes the most agreeable 
and richest monotone musical instrument, the variety is immense. 
There are scarcely any two individuals who have ejcactly the same 
timbre of voice. Timbre and inflection are the safest means we have 
of recognizing a person. 

This author also tries to suggest a difference in form of os- 
cillations to account for timbre. Oscillations of what, he does 
not say. 

Rev. James Challis for many years Professor of Astronomy 
at Oxford University. England, says: 

"The possibility of hearing distinctly words spoken at a distance, 
depends on the faithfulness with which the air transmits the impress- 
ions made on it by the organ of voice. As the difference between the 
sound of one letter and that of another corres]K)nds to a difference in 
the form of the curve representing the succession and magnitude of the 
condensations impressed, it is necessary that the form should remain 
unchanged by distance of transmission in order that words heard at 
different distances may be the sounds. The law of transmission ex- 
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pressed by the formula a -{- v, which is the basis of Mr. Airy's specula- 
tions, is opposed to this constancy of form. M. Biot, however, has re- 
corded an experiment made at Paris, according to which, words 
pronounced at one end of a cylindrical tube 3,j 20 feet in length were 
perfectly distinct at the other end." 

The correlative without of vision is the thing seen ; and the 
slightest defect in this will appear in the vision. Thus in 
an elm tree, if a single branch or leaf is gone or the smallest 
part of a leaf, the vision, that is, the picture in the eye, 
will be defective to the same extent. That a similarly exact 
correlative exists without, of Sound, there can be no possible 
question. 

Sound is always made by shock or friction, and takes place 
throughout the world, and, so far as we know, the universe. 
It may be produced by all elastic bodies, and some as water 
which formerly was called not elastic, but is now for the sake 
of harmony, called entirely elastic ; the truth being that the 
so-called elasticity of bodies doesn't enter into this question of 
Sound in the slightest, excepting to give the scientists something 
to talk about. That is, most bodies, and perhaps all, if struck, 
will make some sound, and each body always makes the same. 
The great principle in the manufacture of Sound is that every 
body has its normal vibration, and therefore will always pro- 
duce the same sound, and can produce no other. A second 
great principle is that different sounds do not mingle; and 
as heretofore mentioned, they can be conducted to the same 
sounding board, and different varieties at the same time will 
spread over that, and ascend from it — all at same time — a point 
of the finest needle, placed anywhere in contact with the board ; 
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but instantly the sounds stop, if in any way their supplies are 
stopped, which may happen by the instruments making them 
ceasing to do so, or the connection being removed between these 
instruments and the sounding board. 

Sound always consists of infinitesimal particles of matter, 
thrown off by the sounding body, or bodies, which particles are 
provided with motive power that enable them to circulate readily 
and quickly in all directions. 

We may be able to see the disturbance from which the 
sound comes. With continued experience several things are 
certain : that the cause of the disturbance sometimes, as in 
explosions, is thrown upward and outward for quite a dis- 
tance, but generally does not move far ; and often, as in men 
or animals when talking and singing, not at all ; second, the 
same or similar causes produce the same or similar sounds ; 
third, there is an observable time between the occurrence caus- 
ing the sound, and the sensation of hearing; fourth, so far 
as we can see, there is always a correspondence or similitude 
betA^een the disturbance and the sound as heard. Thus if a 
man at half-a-mile distance alternates rapidly between striking 
a drum and blowing a bugle, the sound arriving at the ear alter- 
nates in a precisely similar way ; and so any possible variation 
in the producing disturbance is reflected by the sound, just as 
much so, and just as certainly so, as the picture of a tree or 
any other thing is reflected in vision. For the one sensation 
is as perfectly made as the other. Any disturbance which 
produces sound, impresses its characteristics with absolute 
fidelity upon the sound produced — which immediately, or very 
soon after, finds its way by our ears into the auditorium of the 
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soul, affecting it in such a way that it knows or may know 
the source of the sound, — and this because the same body 
always makes the same sound, — and if the sounds represent 
words that by previous instruction the soul has learned to 
understand, it may get valuable information. 
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V. 

TT becomes certain that this substance caused by the dis- 
^ turbance, and which we know as Sound, must be in- 
finitesimal, because it is invisible and cannot be felt. It must, 
too, be of such form that it could convey the impressions un- 
injured to the different intelligences that its mission includes. 
It would be impossible, as we have shown, for air-pulses to 
accomplish anything of this kind ; first, because of the mo- 
bility of the air ; second, because frequently there is no room 
for them as demanded by the theory; third, because they 
couldn't possibly retain their form through the distances they 
would have to go, or indieed, through any distance; fourth, 
it would be impossible for the vibrating body, as a tuning- 
fork, to cause particles of air for a single instant to go with 
the rapidity of sound. None of these things could be done 
without violating the fundamental laws of nature, and these 
are never violated. 

But even stronger than these objections, any one of which 
is fatal to the pulse of air theory, is the fact, that nowhere 
is nature known to influence mind by any such method, but 
always by a combination of matter made for the purpose, as 
much so as a doctor's prescription. She can, by touch of the 
body, arouse the conception of the mind ; but this is a result of 
pressure and evidently done by infinitesimal particles of matter, 
which, by the nerves, find their way to the soul, and thus by 
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the sensation of touch deliver further information, often very 
important, to the individual, whether man or beast. For all of 
these provisions, like the rain, fall upon the just and the unjust. 

The tree is the correlative of vision, light reproducing it in 
the eye. But Sound is the cause of hearing, the same disturb- 
ance always, to the slightest tone, making the same sound. In 
both cases infinitesimals are at work, and in both cases their 
work may be reduplicated indefinitely. That is, pictures may 
be reflected indefinitely, provided there is light, with proper 
facilities ; and Sound can create instruments which will recreate 
a similar Sound, which process with proper facilities may be 
repeated indefinitely. 

But though there is a sharp distinction between these two 
sensations, they are alike in this, that they each accurately 
report phenomena of nature to mind, and this work by both 
we may call very perfect and equally well done. 

The tree doesn't make the light. The disturbance does 
make the sound. The picture made by the light is a perfect re- 
presentation of the thing copied. And the sound made by the 
disturbance faithfully varies with the disturbance, and as faith- 
fully conveys these variations to the soul. And this, as we have 
shown, with education, results in a new method for the obtain- 
ing of knowledge. It is a system of instruction general 
throughout the universe, at least throughout that part of it with 
which we are acquainted. Through it conversation is possible, 
with all the information which it commands, and also telegra- 
phy to hasten such information. 

And all of this is very easily done, not in the absurd and 
impossible ways undertaken by scientists, but by a comprehen- 
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sive scheme vast as the universe itself by which certain dis- 
turbances produce certain results, and these results, being 
adequately provided with the power of movement, of necessity 
again perform their parts of circulating over a certain space, and 
especially entering the ears of all sentient beings in their path, 
where, following the auditory nerve, their message is delivered 
to the soul, and probably a graphophone record of it made in 
the brain. 

There are no mistakes in the machinery of Sound ; from the 
time it is started till it ceases to act it performs its functions 
with complete accuracy. A babe might not understand these 
signals, but those who have lived long enough in material con- 
ditions do. 

And continually over the universe the signals are sound- 
ing, so that all who have the faculty of hearing are connected 
intelligently, and, as a mere matter of pleasure, — for nature 
provides for the pleasures of life, as well as for its necessi- 
ties, — if so inclined, may listen to the sweet melodies of many 
sounds. 

We know that a similar sensation, that of odor, is made 
by a chemical mixture of matter, in the form of infinitesimal 
particles, these being brought from the odoriferous body into 
the nostrils. In addition to this, so far as we have knowledge, 
every effect experienced by mind is directly attributable to the 
admission of matter, in its different conditions or combinations, 
into the body, where it accomplishes its special mission, and 
there are hundreds of thousand of things created or formed 
from matter which do this, although the methods by which 
they reach the soul may be very different. 
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We have already spoken of this, but these great laws of 
nature, by which the universe was constructed and through 
which it is continued, cannot be too well understood. 

Thus, fruit, vegetables, provisions of all kinds, affect the soul, 
and nature has different ways by which these effects are accom- 
plished, but they are alike in this that they are all accomplished 
through matter, directly or indirectly introduced to the spiritual 
part of man — the soul, which is as distinctly separate from 
the body, as a diver from his armor. 

Knowing these facts, there never could be the shadow of a 
doubt with any sensible man that Sound is composed of in- 
finitesimal particles of matter, the result of disturbance or 
shock, and demonstrated to be electrical. 

The article on Anatomy in the Encyclopaedia Britannica, 
lOth edition, in describing the ear. Vol. I., p. 893, says: 

"These auditory cells are therefore the peripheral end-organs of 
the vestibular branches of the auditory nerve, and their general ar- 
rangement is not unlike that of the olfactory nerves of the nose." 

This statement of the anatomical conditions of the ter- 
mination of the nerves of the two sensations, odor and Sound, 
by an anatomist deemed competent to expound this great sub- 
ject for the Encyclopaedia Britannica, would be alone almost 
conclusive that the sensations were of a similar character. 

There is always room for corpuscles of sound equally with 
those of odor. And it is very evident that nature has made 
use of the same law for the accomplishment of all the sensa- 
tions, as it might well be supposed that she would. 

At one time it was claimed that odor was a mode of 
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motion, which theory would undoubtedly have been adopted 
by modem text-books, had not the microscope made visible 
certain odoriferous particles. 

Odor, too, is continuous, that is, it consists of a succession of 
particles, the sensation which it produces depending upon the 
number, as well as character of these particles. The same is 
true of Sound. It is true of all sensations, the most wonderful 
being light. 

That anything which has to be duplicated by the million, 
each one of which must retain its exact form, until its mission 
is accomplished, — which frequently requires miles of travel 
through an atmosphere constantly changing, and often pass- 
ing through other substances, as a door, or window, or wall^ 
where it must go at different speed, if it is possible for it to go 
at all, — could be composed of a series of disconnected particles, 
is something that under any circumstances no person of good 
sense could believe, or would seriously consider. 

The soul is the immortal part of man, the body being 
placed at its command, to enable it to acquire both know- 
ledge and possessions. And all that the soul can learn of 
material things, it learns by the assistance of the body, through 
the five senses, touch, taste, odor, sound and light. 

Touch is contact of the body with things, by which their 
presence becomes known. Touch always makes pressure and 
pressure makes motion, which, too, is a substance composed 
of infinitesimal particles of moving matter, whose mission is to 
convey, through the nerves to the soul, information of the 
touching bodies. 

Taste comes from food introduced into the body, acting 
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as a guide in the selection of food, and a necessary stimulus 
to its use. The sensation of odor is connected with the supplies 
necessary for the body, and also like taste agreeably affects 
the soul. There follow Sound and Light, both, as we have 
shown, especially designed for educational purposes, their func- 
tion being entirely of this character, Sound having to do with 
language, and light with perception. The law of operation 
with all is the same, the introduction of matter into the body, 
by which the wants of the body and of the soul are equally 
provided for. 

Thus also on the outside, by magnetism, a mixture of mat- 
ter, are accomplished the signals by which man is able to give 
and receive information by telegraphy. In this case the re- 
sult is obtained through a double use of matter — first magne- 
tism, and second Sound. 
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VI. 

THE following information in regard to Odor, we quote 
from " Ellen," Vol. II.: 

" The senses are touch, taste, smell, hearing, and sight. We 
know that in order to experience the sense of touch there 
is and must be contact with a substance. It is impossible to 
obtain the result without this. And so in regard to taste ; there 
is no taste possible unless there is something to be tasted. 

" Next comes odor. And this is so pertinent to the subject 
that Ellen is discussing, that she will quote at length from an 
article on Odors, by the noted French scientist and writer, Fer- 
dinand Papillon, as follows: 

* Descartes, Leibnitz, and all the great minds of the seventeenth cen- 
tury, believed that phenomena are such interdependent parts of one 
whole, that they require to be explained by each other, jmd conse- 
quently, that a very close mutual connection should be maintained 
among the sciences. In their views, this was the condition of rapid 
advance and intelligent development. The experimental method, con- 
stant to systematic obstinacy in erecting so many barriers between the 
different sections of natural philosophy, has greatly hindered the com- 
pleteness of whatever knowledge we possess as the result of mutual 
interaction among all truths. At this day, such barriers are tending to 
vanish of their own accord, and the science of man in his relations with 
extemal media begins to show the outlines of its plan and harmony. 
We have before this sketched several of its chapters, and we will en- 
deavor now to write another, on the subject of odors. 
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* The seat of smell, or the olfactory sense, is the pituitary membrane 
lining the inner wall of the nostrils. It is a mucous surface, laid in 
irregular wrinkles, and receiving the spreading, slender, terminal fila- 
ments of a certain number of nerves. This membrane, like all other 
mucous ones, constantly secretes a fluid designed to lubricate it. By 
the aid of the muscles covering the lower part of the nostrils, the 
apparatus of smelling can be dilated or contracted, precisely like that 
of sight This understood, the mechanism of olfaction is quite simple. 
It consists in the contact of odorous particles with the olfactory nerve. 
These particles are conveyed by the air to the inside of the nasal cavi- 
ties, and there strike upon the sensitive fibres. If the access of air is 
prevented, or if the nerve is altered, no sensation is produced. Experi- 
ments in physiology, in fact, have settled that the olfactory nerves (or 
those of the first pair) are assigned exclusively to the perception of 
odors. Loss of the sense of smell occurs whenever the nerves are 
destroyed or injured by any process, or even whenever they are merely 
compressed. 

' On the other hand, it is a matter of common observation that im- 
peding the passage of air into the nostrils is quite as effectual a way 
of making any sort of olfactory sensation impossible. Let us add, 
that the region most sensitive to odors is that of the upper part 
of the nasal cavities. There are, as we shall notice in proceeding, 
considerable differences as regards the degree of sensitiveness in this 
sense of smell, comparing one man with another. But it is a still 
more singular fact that sometimes, without apparent cause, the sense 
is utterly wanting. In other cases it is unaffected by the action of 
certain odors only, an analogous infirmity to that which students of 
the eye call daltonism^ and which consists in the perception of certain 
colors only. >Ve find in scientific annals the case of a priest who was 
insensible to all odors except that of decayed cabbage ; and another, 
of a person to whom vanilla was entirely without scent. Blumenbach 
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speaks, too, of an Englishman, with all his senses very acute, iHio 
perceived no perfume in mignonette. 

' Olfaction is sometimes voluntary, sometimes involuntary. In the 
former case, by an act which is called scenting something, and is re- 
sorted to for the sake of a keener sensation, we first close the mouth, 
and then sometimes draw in a full breath, sometimes a succession of 
short, quick inspirations. Then the muscular apparatus edging the 
opening of the nostrils comes into play, to contract that orifice, and 
point it downward, so as to increase the intensity of the current of 
inhaled air. When, on the contrary, we wish to smell as Httle as pos- 
sible, the organ becomes passive. We effect strong expirations by the 
nose to drive out the air that produces scent, and inhalation, instead 
of being performed by the nostrils, instinctively takes place through 
the mouth. 

* Scents and the sense of smell have an important share in the phe- 
nomena of gustation, that is, there is a close connection between the 
perception of odors and that of tastes. Physiological analysis has 
clearly brought out the fact that most of the tastes we perceive proceed 
from the combination of olfactory sensations with a small number of 
gustatory sensations. In reality, there are but four primitive and 
radical tastes — sweet, sour, salt, and bitter. A very simple experi- 
ment will convince us of this fact. If we keep the nostrils closed 
when tasting a certain number of sapid substances, so as to neutralize 
the sense of smell, the taste perceived is invariably reduced to one 
of the four simple savors we have just named. Then, whenever the 
pituitary membrane is out of order, the taste of food is no longer the 
same ; the tongue distinguishes nothing but sweet, sour, salt, or bitter. 

' It is time now to begin the study of the physiological and chemical 
conditions of smell, and for this we must first inquire how odoioos sab- 
stances behave with regard to the medium which separates them fix>m 
our organs. Provost, in an essay published in 1799 on the means of 
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making emanations from odorous bodies perceptible to sight, was the 
first to bring to view the fact that certain odorous substances, solid or 
fluid, placed on moistened glass, or in a saucer full of water, instantly 
act on those molecules of the liquid which they touch, and repel them 
more or less, producing a vacuum. He judged that this method might 
serve to make odors sensible to sight, and enable us to distinguish 
odorous from inodorous bodies. These movements of odorous bodies 
on the surfaces of liquids, of which camphor particularly gives so curious 
an instance, have lately been studied with the greatest care by a French 
physiologist, with a view to establishing a theory of odors. With thif 
purpose Li^geois has examined most of the odoriferous substances, and 
has ascertained that almost all of them perform various motions of cip 
culation and displacement on the surface of water, resembling those 
noted with camphor. Some act precisely as camphor does. Among 
these are benzoic acid, succinic acid, the rind of bitter oranges, eto 
With others, motion soon stops, for they are quickly surrounded by an 
oily film which keeps them confined. Some must be reduced to 
powder before the phenomenon takes place. As regards odorou* 
liquids, it occurred to Li^geois to saturate very light and spongy seeds, 
themselves odorless, with them, and he then found, on throwing the 
seeds on water, that circulatory and displacing movements took place, 
as with other substances.^ He concluded, from a series of experiments 
methodically tried, that the motions in question must be attributed, 
not to a release of gas, acting in the manner of a recoil, but simply to 
the separation and rapid diffusion, within the water, of the odorous 
particles. The volatility of substances cannot be admitted to have any 
part in explaining the phenomenon. It depends wholly on the affinity 
of fluids for the odorous particles, and also for those of fatty matter. 
Li^geois found, for instance, that a drop of oil put on the surface of 
water, without sensibly lessening in size, emits an enormous quantity of 
microscopic droplets, which are diffused through the mass of the water. 



38 THE XEW PHYSICS 

Aromatic essences produce a like effect. Though insolable in water, 
they have a powerful tendency to disperse themselves through it, and 
water that receives a very smaU quantity of the odoriferous principle, 
in the shape of extremely fine powder, has enough to gain their perfume 
completely. Li^geois's experiments give proof of the most diligent 
labors and of praiseworthy sagacit}-. Science has accepted them with 
satisfaction, and, after employing them usefully, will preserve the mem- 
ory of their author, taken away in the flower of his age, at the outset of 
a noble career as a ph}*siologist and surgeon. 

'It seemed, to quote his words, as though in these experiments we 
were assisting at the formation of the odorous molecules. Those 
delicate atoms emitted from odorous substances and diffused through 
the atmosphere are, in fact, the vtry same that impinge on our pitui- 
tary membrane, and give us the sensation of odors. Moreover, facts 
long ago observed display this revealing action, so to call it, of water 
upon odors. At morning, when the verdure is moist and the flowers 
covered with sparkling p>earls of dew, a fresher and balmier fragrance 
exhales from everj' plant. It is the same after a light shower. Vege- 
tation gains heightened tints, at the same time that it diffuses more 
fragrant waves of f)erfume. We remark an effect of the same kind in 
the physiological phenomenon of taste. The saliva ser>'es as an excel- 
lent vehicle for diffusing the odorous principles ;. then the movements 
of the tongue, spreading that fluid over the whole extent of the cavity 
of the mouth, and thus enlarging the evajHDrating surface, are clearly of 
a kind to aid the dispersion of the odorous principles, which, as we 
have seen, take a considerable part in the perception of tastes. 

' Now in the phenomenon of smell, air acts in the place of water. It 
seizes the odorous particles and brings them into contact with the 
pituitary membrane. It is the vehicle, the solvent, of those extremely 
subtile atoms which, acting on the delicate fibres of the nerve, produce 
in it a special movement, which translates itself into the most varied 
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sensations. Oxygen, and the existence in that gas of a certain pro- 
portion of odorous molecules, are the two essential conditions of this 
phenomenon. 

' Such is, at least, the result of earlier experiments, and of those per- 
formed of late years by Nickles. A curious fact, well worthy of atten- 
tion, is the remarkable dififusibility and degree of subdivision exhibited 
by some odorous substances. Ambergris just thrown up on the shore 
spreads a fragrance to a great distance, which guides the seekers after 
that precious substance. Springs of petroleum-oil are scented at a very 
considerable distance. Bartholin affirms that the odor of rosemary at 
sea renders the shores of Spain distinguishable long before they are in 
sight. So, too, every one knows that a single grain of musk perfumes 
a room for a whole year, without sensibly losing weight. Haller 
relates that he has kept paper for forty years perfumed by a grain 
of amber, and that they still retained the fragrance at the end of 
that time. He remarks that every inch of their surface had been 
impregnated by 1-2,691,064,000 of one grain of amber, and that they 
had perfumed for 11,600 days a film of air at least a foot in thickness. 
Evidently the material quantity of the odorous principle contained in a 
given volume of such air is so minute as to elude imagination. 

* Odors, to be perceived, must be taken up by oxygen, and borne by 

it to the organ of smell. 

«««««««« 

* The learned and capable author, Piesse, in his work on " Odors, Per- 
fumes, and Cosmetics," says : " Odors seem to affect the olfactory 
nerves in certain definite degrees, as sounds act on the auditory nerves. 
There is, so to speak, an octave of smells, as there is an octave of tones ; 
some perfumes accord, like the notes of an instrument. Thus almond, 
vanilla, heliotrope, and clematis, harmonize perfectly each of them 
producing almost the same impression in a different degree. On the 
other hand, we have citron, lemon, orange peel, and verbena, forming a 
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similarly associated octave of odors, in a higher key. The analogy is 
completed by those odors which we call half -scents, such as the rose, 
with rose-geranium for its semitone ; * petit-grain,' and neroli, followed 
by orange-flower. With the aid of flowers already known, by mixing 
them in fixed proportions, we can obtain the perfume of almost all 
flowers." 

"Again Mr. Papillon says: 

*To complete these details, it remains to say something of the delu- 
sion of the sense of smell ; for this sense, like the others, has its aber- 
rations and hallucinations. The delusions of smell are hardlv ever 
isolated ; they accompany those of hearing, sight, taste and touch, and 
are also less frequent than the latter.* 

"And again: 

*The intensity and delicacy of the sense of smell vary in mankind 
among different individuals, and particularly among different races of 
men. WTiile some persons are almost devoid of the sense of smell, 
others, whose history is related in the annals of science, have displayed 
a refinement and range in the distinction of odors truly wonderfuL 
Woodward, for instance, mentions a woman who foretold storms several 
hours before their coming, by the help of the sulphurous odor, due 
probably to ozone, which she perceived in the atmosphere. The 
scientific journals of the day relate the account of a young American 
girl, a deaf mute, who, by their odor alone recognized the plants of 
the fields which she collected. Numerous instances, moreover, prove 
that in savage races this sense is very greatly more developed than 
among civilized men. 

* But it is among the other mammals that we find the sense of smell 
displayed in its highest degree of power and perfection. Among rumi- 
nants, some pachyderms, and particularly among carnivorous mammals, 
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the olfactory membrane attains the keenest sensitiveness. Buffon has 
described these animals with extreme exactness, in saying that they 
smell farther than they see, and that they possess in their scent an eye 
which sees objects not only where they are, but even wherever they 
have been. The peculiarity or scent in the dog is too well known to 
need more than allusion. 

* Alexander von Humboldt relates that in Peru, and other countries of 
South America, when it is intended to take condors, a horse or cow is 
killed, and that in a short time the smell of the dead animal attracts 
a great number of these birds, though none had before that been seen 
in the country. Other more extraordinary facts are told by travelers. 

'What, now, is the chemical nature of the odorous principles in 
plants? The chemistry of to-day reduces almost alhof them to three 
categories of well-ascertained substances : hydrocarburets, aldehydes, 
and ethers. We will endeavor to give a clear account of the constitu- 
tion of these three kinds of substances, and to mark their place in the 
register of science. The hydrocarburets are simple combinations of 
carbon and hydrogen, as, for instance, the petroleum-oils. They rep- 
resent the simple compounds of organic chemistry. As to aldehydes 
and ethers, their composition is rather more complex ; besides carbon 
and hydrogen, they contain oxygen. Every one knows what chemists 
mean by alcohol ; it is a definite combination of hydrogen, carbon, 
and oxygen, neither acid nor alkaline, which may be regarded as the 
result of the imion of a hydrocarburet with the elements of water. 
Common alcohol, or spirits of wine, is the type of the most important 
series of alcohols, that of the mono-atomic alcohols. Chemists repre- 
sent it by the formula C^H^O, to indicate that a molecule of it arises 
from the imion of two atoms of carbon with six atoms of hydrogen and 
one of oxygen. Independently of the alcohols, which are of great 
number and varying complexity, organic chemistry recognizes another 
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class of bodies, of which vinegar is the type, and which receive the 
name of organic acids, to mark their resemblance to mineral acids, 
such as oil of vitriol or aqua fortis. Now every alcohol, on losing a 
certain amount of hydrogen, gives rise to a new body, which is called 
an aldehyde ; and every alcohol, on combining with an acid, produces 
what is called an ether. These rapid details allow us to understand 
precisely the chemical character of the essences or essential oils which 
plants elaborate within their delicate tissue. Except a small number 
among them which contain sulphur, as the essences of the family of 
crucifers, they all present the same qualitative composition — carbon and 
hydrogen, with or without oxygen. Between one and another of them 
merely the proportion of these three composing elements varies, by 
regular gradations, but so as always to correspond either to a hydrocar- 
buret, or to an aldehyde, or to an ether. In this case, as in almost the 
whole of organic chemistr)-, every thing is in the quantity of the com- 
posing elements. The i|uality is of so little importance to Nature, that 
w^iV^ /o/*'iKi'ifi^ a/:i'avs the s^ime hues anJ constantix using the same 
materials^ she can by merely changing the ponderable relations of the 
latter, produce, by myriads of various combinations, m\Tiads of sub- 
stances which have no resemblance to each other. 

*Such is the chemical nature of m«.>st of the odorous principles of 
regetable origin. But chemis:r\* h.is not stopped short with ascertain- 
ing* the inmo>st comjx>sitiv»n of these substances : i: has succeeded in 
reprvxlucing v^uiie a nu:nl^r of theai artincially, an^I the compounds 
thus manufacturevi. who/.y :ro:u elemenrss in bborator^es, are absolutely 
idenrtcal with the prvxliiots extractevl from plar.rs. • • • An 
Italian che:iii:s:. who u-us then empIo>ei :a Paris :r. 1S3S, was the 
dr^: who itaitatevi by ar: a natural .irv^:ua:io rrincirle. By means of 
rejLCtior.s >U4:^?fs:ed by thev^r>\ he rre:\irevi a sa*ic::ic aldehyde, which 
turned v^u: to ':^ the essence o: :r.vrA.:ow-xw;*et. s».^ v:e>.ca:e and subtile 
in ite c^kc* A tew years Later, Ji i>45, Cabocrs vi^^co^erevi methylsaii- 
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cilic ether, and showed that it is identical with the essence of winter- 
green. A year after, Wertheim composed essence of mustard, while 
believing himself to be making only allylsulphocyanic ether. » ♦ ♦ 
Nowadays the chemist possesses the means of creating many other 
natural essences. Common camphor, essence of bitter-Almonds, that 
of cummin and of cinnamon, which are aldehydes, as we have seen, may 
be prepared without camphor-leaves or almonds, without cummin or 
cinnamon. Besides these ethers and aldehydes whose identity with 
essences of vegetable origin has been proved, ;there exist, among the 
new bodies known to organic chemistry, a certain number of products 
formed by the union of common alcohol or amylic alcohol with differ- 
ent acids, that is to say, of ethers, which have aromatic odors more or 
less resembling those of some fruits, but as to which it cannot yet be 
affirmed that the odors are due to the same principles in both cases. 
However this may be, perfumers and confectioners, more industrious 
and wide-awake than chemists, have immediately made good use of 
these properties. . Artificial aromatic oils made their first appearance 
at the World's Fair of I^ndon in 1851. There was there exhibited 
a pear-oil, diffusing a pleasant smell like that of a jargonel, and employed 
to give an aroma to bonbons. This product is nothing else than a solu- 
tion of amylacetic ether in alcohol. Apple-oil was exhibited beside the 
pear-oil, having the fragrance of the best rennets, and produced by dis- 
solving amylvaleric ether in alcohol. The commonest essence was that 
of pineapple, which is nothing else than ordinary butyric ether. 
There was observed, too, an essence of cognac, or grape-oil, used to 
impart to poor brandies the highly-prized aroma of cognac. The 
product which was then and still is, the most important article of 
manufacture, is the essence of " mirbane," which very closely resembles 
in its odor that of bitter almonds, and which commerce very often sub- 
stitutes for the latter. Essence of mirbane is nothing else than nitro- 
benzine, which results from the action of nitric acid on benzine. 
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Benzine in turn, is met with among the products of distillation of tar, 
which also yield the substances used in preparing those beautiful colors 
called aniline. Besides the essences we have just mentioned, which are 
gaining an increasing importance in the manufacturing arts, artificial 
essences of quinces are also prepared, and essences of strawberries, of 
rum, etc. All these preparations serve, it must be admitted, to give an 
aroma to the cordials, confectioneries, and sweetmeats, which are so 
largely sold nowadays. In other words, the products of industry are 
constantly taking the place of those of Nature more and more.' " 

The gentleman who wrote this, recognized full well the ne- 
cessity of considering nature's phenomena together, at least the 
great advantages to be gained by so doing, if we would under- 
stand them, and that this is especially true in regard to the 
more intricate ones. 

Indeed there is no possible intelligent understanding of any 
of them, except as we do this. The Baconian system of experi- 
ment is unquestionably an excellent thing, if carefully made, 
and properly used. But nothing can take the place of good 
sense and capacity. Huxley well said : 

" No delusion is greater than the notion that method and industry 
can make up for lack of mother wit, either in science or in practical 
life ; and it is strange that, with his knowledge of mankind. Bacon 
would have dreamed that he, or any other, * via invendiendi scientias ' 
would level men*s wits and leave little scope for that inborn capacity 
which is called genius." 

The laws governing the sensations of touch, taste, and odor, 
are readily discerned ; and, in the case of odor, the materials 
of which they are made, so that they can be made equally well 
artificially. And it is clearly evident that the remaining sensa- 
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tions of hearing and sight, are accomplished in a similar manner. 
Indeed it doesn't require a very great amount of study and com- 
prehension to perceive that the law governing them is a univer- 
sal law of action between mind and matter; and though the 
mind's eye can not clearly discern where all of this leads, that 
is, the ultimate object or precise significance of such a system 
of interaction between mind and matter, it is able fully to per- 
ceive the essential nature of Sound and Light, particles of this 
thing, matter, and although so minute, as to be invisible to us, 
made by combination of different elements. We use this word 
element in its broad sense, one of the essential ingredients of 
any mixture. 

The experiments made by Hauksbee, Priestley, and -others, 
demonstrated that the intensity of sound depended upon the 
density of the air in which it was made, and therefore, Sound 
must be made in part at least, and perhaps entirely, the same 
as odor, from material existing in air. 

"The experimental method constant to systematic obstinacy," 
has alone prevented the perception of this self-evident fact. 

And it isn't the sensations only that are operated by these 
laws ; the whole universe comes under this category. It con- 
sists in the interaction of mind and matter. That's all there is 
of it ; at least, it is all that we have any suggestion of, unless it 
is their separate action, nor is it possible, intelligently, to con- 
sider matter as existing separate from mind. 

" By the aid of the muscles covering the lower part of the nostrils, 
the apparatus of smelling can be dilated or protracted, precisely like 
that of sight. This understood, the mechanism of olfaction is quite 
simple. It consists with the contact of odorous particles with the ol- 
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factory nerve. These particles are conveyed by the air to the inside 
of the nasal cavities, and these strike upon the sensitive fibres." 

And all of this is exactly what takes place with Sound, as 
well as Light. And what a magnificent method it is? Like 
all things else in nature, simple but complete. And it is very 
easy to see that there are no limits to its scope ; there isn't any 
possible phenomenon, in the interaction of mind and matten 
but what it might solve. • • 

" Li^geois found that a drop of oil put on the surface of water, with- 
out sensibly lessening in size, emits an enormous quantity of micro- 
scopic droplets, which are diffused through the mass of water." * ♦ • 

"Those delicate atoms emitted from odorous substances and diffused 
through the atmosphere are in tact the very same that impinge on our 
pituitary membrane, and give us the sensation of odors. Moreover, 
facts long ago observed display this revealing action of water upon 
colors." 

" Every one knows that a single grain of musk perfumes a room for 
a whole year, without sensibly losing weight." 

In an exactly similar manner Sound acts, spreading from 
a center in all directions, thus filling the atmosphere. And a 
sound from a small disturbance will fill the atmosphere for quite 
a space. 

" Odors seem to affect the olfactory nerves as sounds act on auditory 
nerves. There is so to speak an octave of smells, as there is an octave 
of tones." 

But perhaps the most remarkable feature in this chapter on 
odors, assisting in the explanation of Sound, is that which refers 
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to their composition. For they, too, are very largely if not en- 
tirely manufactured in air, and wafte^ by air, or possibly by 
oxygen alone, to their destination. 

It seems that they are composed of carbon and hydrogen ; 
with or without oxygen. We suggest to every reader to re-peruse 
carefully the last three pages of this article of M. Papillon which 
refer especially to the essential nature of odors; for the great 
help of these discoveries in discovering the essential nature of 
Sound should not be overlooked. The moral of the whole is so 
plain that he who runs can read, that all the Sensations are 
made by the usual law in nature, the combination of matter. 
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vn. 

^ I ^HERE is introduced here another question that we have 
* never seen discussed. By the corpuscular theory it is easy 
enough for the particles of Sound to pass through walls or 
windows, or get into copper, wood, iron, and a thousand other 
substances, more or less, the interstices being large enough to 
admit of their passage. But what is there to start the particles 
of iron, or other particles in the wall of a room, or a door, 
through which sound must go 14 times as fast as in air, for 
several inches, when, reaching the air of the next room, the 
remainder of the wave, or at least a part of it, will be composed 
again of air particles at the reduced rate? That is, this correla- 
tive of sound is moving in part at 15,314 (speed in ash) feet a 
second, and in part at 1040 (speed in air) feet; and should it 
be obliged to pass through several partitions as it might, its 
different parts would be constantly varying their speed, and of 
course would thus become entirely disconnected, and wholly 
unable by the theory to perform its supposed function. 

We all know how easily sounds pass through partitions of 
buildings. To provide against this builders frequently insert 
substances which will deaden the sounds, especially between 
floors. The utter impossibility of so-called sonorous waves 
performing such a feat is evident to all, but this, as in all other 
phenomena of Sound, is precisely what infinitesimal particles of 
matter are fitted to do. 

And therefore that Sound must consist of such particles we 
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know from the nature of things, for thus only would it be 
possible for it to perform the functions for which it is made. 

Thus odor consists, and of small size are grass and many 
other kinds of seed, the sands of the seashore, salt, sugar, dust. 
None of these could accomplish the things which they do, and 
in the same manner that they do, unless made as they are. If 
they did, the whole universe would have to be made over. 

Sound pervades the atmosphere if uttered in it, entering 
every ear in any direction for a certain distance. 

This distance depends upon the character of •the sound, its 
life being proportional to its size or loudness, as also is the dis- 
tance that it goes, for whatever its size, it goes at same speed, 
in same medium. And, as we have said, it circulates in many 
mediums, having within itself the power of motion. 

It can be collected like grain in a hopper, as by an ear-trum- 
pet, or the sail of a ship, or by a megaphone, or indeed any 
tube or anything fitted to hold it, as a tumbler, or vault, or 
room. 

We quote from ** Ellen," Vol. II., page 203-4, a very interest- 
ing and remarkable account of the sound of bells collected by 
the sail of a ship 100 miles from the source. 

"The widespread sail of a ship, rendered concave by a gentle 
breeze, is a good collector of sound. ' It happened,' says Dr. Amott, 
'once on board a ship sailing along the coast of Brazil, far out of 
sight of land, that the persons walking on deck, when passing a par- 
ticular spot, always heard very distinctly the sound of bells, varying 
as in human rejoicings. All on board came to listen and were con- 
vinced ; but the phenomenon was most mysterious. Months after- 
wards it was ascertained, that, at the time of observation^ the bells 
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of the city of Salvador, on the Brazilian coast, had been ringing on 
the occasion of a festival ; their sound, therefore, favored by a gentle 
wind, had traveled loo miles by smooth water, and had been brought to 
a focus by the sail on the particular spot where it was listened to. 
It appears from this that a machine might be constituted having 
the same relation to sound that a telescope has to sight.* " 

Sound will reverberate in many places and also, rebounding, 
make echoes. 

It can be collected in a diafram and reflected from it, as 
heat, — which * is evidently another substance composed of 
infinitesimal particles, — by a stove. 

It can be carried in a wire or string, without electricity, for 
any short distance, and if the wire is insulated will be plainly 
heard for more than half a mile, which shows the sound to be 
electrical. 

It can be carried in a wire by the electric current thousands 
of miles at the same rate the current goes (184,000 miles a 
second), and similarly as logs are carried down a river, at the 
same rate the river goes. 

Ganot says : 

" The propagation of sound in solids is also well illustrated by the 
fact that in manufacturing telegraph wires the filing at any particular 
part can be heard at distances of miles by placing one end of the wire 
in the ear. The toy telephone also is based on this fact." 

We quote again from ** Ellen " Vol. II., page 497 : 

** And now Ellen will give another demonstration, that sound 
consists of infinitesimal particles of matter, and, in the telephone, 
is carried instantaneously through the wire by the electric cur- 
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rent. And this is the action of the box telephone, which has 
been in use successfully to convey sound for over 250 years, 
perhaps in India and China for thousands. 

**This consisted of two small boxes connected by a string or 
wire. At the bottom of each box, at the centre, was a membrane, 
or diafram, through the centre of which the string or wire passed 
and was fastened in the inside. 

**The correspondence was carried on by a person at one end 
talking into the box, to a person at the other end holding the 
box to the ear, the same boxes answering for sending or receiv- 
ing instrument. The sound went through the string or wire. 

" PracticaUy the operation is precisely similar to the modern 
telephone, except the electric current and magnet are wanting. 
Because they were wanting, the use of the box telephone was 
limited, as the sound couldn't go fast enough through the string 
or wire to last for a very long distance. 

**This proves that sound under such conditions enters a wire 
or string, and passes along or through it, until its force is ex- 
pended, which last is a mere question of time. It also proves that 
sound, with such conditions, will get out at the other end of the 
line, or anywhere else if given opportunity, and enter the listen- 
er's ear. 

"It follows that it must do the same in the modern telephone, 
where just as in the air to the speed of sound must be added the 
speed of the wind, there must be added here the speed of the 
electric current. And therefore, and for no other reason, the 
distance of its journey is immensely increased. 

"And this is a demonstration that the sound heard at the tele- 
phone is that which enters the sending instrument." 

"And will not Ellen repeat," I asked, "this demonstration?" 

"The demonstration is," she replied, "that sound, articulate 
speech or otherwise, does get into a wire and run along through 
it, always, when an arrangement like that of a telephone trans- 
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mitter exists. And therefore it must get into the wire of a tele- 
phone and be carried instantaneously, until it finds opportunity 
to get out — which always exists at end of line, and may take 
place in many places along the line — unless it is destroyed by 
the current, and we know it is not destroyed but goes through. 
There could hardly be any better practical demonstration." 

In same Volume, pages 534 — 539. is an article entitled, "On 

the Transmission of Vocal and other Sounds by Wires," by W. 

J. Millar in Philosophical Magazine, from which we quote : 

OBJECT OF PAPER. 

* I. The object of the present paper is the description of a series of 
experiments made by the author upon the transmission of vocal and 
other sounds by wires, and the results obtained from these experiments. 

*2. Transmission of Sound in General. — ^The transmission of 
sound by various media is familiarly illustrated from day to day ; and 
the readiness with which these media are affected has been made the 
subject of many experiments. 

* One familiar illustration of the transmission of sound from air to 
solids and thence back to the air is that which occurs in the vertical 
and horizontal partitions between rooms, such as partition walls and 
floor and ceiling spaces — the sounds originating in one room being thus 
transmitted to the adjoining room without having recourse directly to 
air communication. 

* From a consideration of the latter, as also from other phenomena, the 
author has for some time been convinced that vocal sounds might be 
transmitted by solid bodies, such as wires, and that to considerable dis- 
tances. 

'After several unsuccessful attempts, the author during the month 
of January last, having occasion to use some fine copper wire, carried 
a portion of it out from the house to a distance of about 20 yards, 
and attached a couple of pasteboard disks with low rims to the ends of 
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the wire : the transmission of vocal sounds was then found to be 
easily effected, conversation being readily carried on through this 
length of wire. 

NOTES OF OTHER IMPORTANT EXPERIMENTS. 

'(i). No. 23 copper wire was stretched between windows outside 
of a house and attachments at right angles made to rooms through the 
windows. Speaking in one room was then heard in the other, the dis- 
tance was about 20 yards. Pianoforte music was easily transmitted 
by placing an ear-piece inside the instrument and carrying the other 
end of the wire outside the house. 

'(2). No. 40 copper wire fitted up in a building passing from room 
to room. Six attachments and angles. 

'Distance about 50 yards. Conversation, singing, whistling, breath- 
ing, and the sound of a light C tuning-fork (2^ inches in fork) readily 
transmitted. 

'Various similar arrangements were also made in house from room 
to room, and finally carried to a distance outside, where all the above 
effects, as also the transmission of whispering, were clearly demonstra- 
ted, the person at either end being quite out of hearing in the ordinary 
manner. 

* 71u communication was not limited to the persons at either end of 
the wire; additional connections were occasionally ^made, where three 
or more individuals could communicate with each other. 

'(3). Carried about 7 yards of No. 23 copper wire from one room 
through an adjoining one to a room beyond, the wire in its course pass- 
ing below two doors shut above it, and for the most part in contact 
with the carpet, but fastened at the ends so as to produce some ten- 
sion. Made two connections of No. 40 copper wire at angles with the 
' main wire ; conversation was then readily carried on and all the phe- 
nomena already described produced. Subsequent experiments with No. 
16 copper wire arranged as above were found to yield better results. 
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*A somewhat similar and equally successful experiment was made 
by carrying the same size of wire down stairs, passing below two 
doors and partly resting on carpet and wood. A positive advantage is 
gained by resting the heavy wire in this manner, the words being 
clearer and more distinct, and free from the rumbling sound occur- 
ing with a suspended wire free to move about. 

*(4). Fastened No. 23 copper wire to telegraph wire, made another 
and similar attachment 75 yards further on, but within two posts. 
Breathing, whistling, and timing-fork sounds readily transmitted. 

'(5). Carried the latter attachment to 150 yards, thus passing one 
post. Breathing, whistling, singing, and the sound of the light C 
tuning-fork, formerly mentioned readily transmitted. No apparent 
loss though passing the support (the latter was of the usual china- 
ware cup with binding-wire). The speaking was not so distinct, 
although the different word-sounds were discernible. This can be 
accounted for by the fact that, as the poles were about 14 feet high, 
the attachment ends were free to swing about, whicl^, combined with 
the exposed situation of the main line, gave rise to a considerable 
vibratory action due to other causes than the vocal sounds. 

' 4. The Mouth and Ear Pieces. — ^The mouth and ear pieces used 
in these experiments have been of various materials and forms. The 
materials tried have been pasteboard, wood, gutta-percha, india-rub- 
ber, parchment, iron, tin, and zinc. These have been generally ar- 
ranged as discs or drums, having a more or less extended rim around 
them to confine the sounds. This rim has been of cylindrical, coni- 
cal, and other forms. 

* In general, greater volume of sound accompanied increased depth 
of rim ; but the sounds were hardly so distinct as when the rim was kept 
shallow. 

' The wire was usually attached to the centre of disc ; but in some 
cases good results were got where the wire was led through a cylin- 
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drical hollow piece of wood and terminated close to the disc; in- 
deed a hollow piece of wood without a disc did very well. 

'As a rule, the effects seemed better where the wire was l^d outside 
of the house. 

* High-pitched voices are more easily heard than deep strong voices. 
' In the experiments with the telegraph wire one of the discs used 

was of thin sheet iron 3J4 inches in diameter. Set in a wooden rim 
about Yi inch deep, the wire was fastened into a small piece of wood, 
which in turn was cemented down to centre of disc. The tuning- 
fork sounds were very well heard with this arrangement ; and one 
peculiarity was that, on the wooden fastening accidentally breaking 
away from the iron, the sounds could again be heard by holding the 
disc in one hand and pressing the wooden termination of the wire upon 
the disc with the other. 

' Wires. — The wires, as a rule, require to be more or less tightened 
up ; but this varies with the heaviness of the wire. 

*The sound is increased with a tight wire. 

* The volume of sound appears to be increased with a heavy wire. 
Thus in the telegraph wire about one-eighth inch thick, probably No. 
8, the sounds were stronger and fuller than in the thinner wires, and, 
probably owing to the high tension of the former, faint sounds were 
more readily transmitted : thus the accidental or intentional touching 
of the timing-fork with the rim of the mouth-piece, causing a slight 
clicking sound, was distinctly heard through the ear-piece at a dis- 
tance of 150 yards — and this, even although the two attachments 
of copper wire were practically at right angles to the main wire, 
whereby part of the sound would pass away onwards up and down 
the line. 

* 6. The delicacy of the action may be inferred from the fisw:t that 
fine sand strewn upon the disc of the ear-piece is unaffected by 
conversation through lengths of about seven yards. The sensitiveness 
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also of the mouth-piece was shown by sounds not spoken into it being 
readily transmitted, such as coughing, laughing, or remarks made by 
persons standing beside the instrument. Indeed, in some cases an ad- 
vantage is obtained by keeping back from the mouth or ear-piece : and 
the author has sometimes thought an improvement was obtained by 
holding the ear-piece slightly inclined to the ear. 

* In all cases the individual voice could easily be distinguished, 
though modified more or less by the structure and material of the 
mouth and ear-piece. 

* The mouth and ear-pieces were usually of the same form and 
material, and were therefore used for either speaking or hearing. Some 
forms, however, do better as ear-pieces, other as mouth-pieces. 

* In conclusion, the author believes that many interesting physical 
questions may be studied by means of these arrangements, and that 
practical application may be made where communication of this nature 
is required.' 

And again pages 623, 615, of "Ellen": 

"'Another very interesting experiment by M. A. Breguet shows that 
all the constituent parts of the telephone — the handle, the copper 
rims, and the case, as well as the diafram and the electro- magnet— can 
transmit sounds. M. Breguet ascertained this fact by the use of string 
telephones, which he attached to different parts of the telephone on 
which the experiment was made. In this way he was not only able to 
establish a corresj)ondence between the person who worked the elec- 
tric telephone and the one who was listening through the string tele- 
phone, but he also made several string telephones act, which were 
attached to different parts of the electric telephone.*" 

" * Messrs. Heaviside and Nixon, in their experiments at Newcastle- 
on-Tyne, have ascertained that the most effective wire was No. 4 of the 
English gauge. They employed wooden disks an eighth of an inch in 
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thickness, and these may be placed in any part of the length of the 
wire. When the wire was well stretched and motionless, it was possi- 
ble to hear what was said at a distance of 690 feet, and it seems that 
Mr. Huntley, by using very thin iron diaframs, and by insulating the 
line on glass supports, was able to transmit speech for 2450 feet, in 
spite of the ziz-zags made by the line on its supports.' '* 

In other words Sound went through the wire and was heard 
over three times as far when the wire was insulated, which 
sustains in the strongest possible manner Oersted and Ritter's 
statements that Sound was electrical. 

Sir J. F. W. Herschel in the Encyclopaedia Metropolitana 
says: 

"Chladni relates an experiment made by Messrs. Herhold and Rofn 
in Denmark, where a metalic wire 600 feet long was stretched horizon- 
tally. At one end a plate of sonorous metal was suspended and slight- 
ly struck ; an auditor placed at the other, and holding the wire in his 
teeth, heard at every blow two distinct sounds ; the first transmitted 
almost instantaneously by the metal, the other arriving later through 
the air." 

Pulses of air, fraudulently called sound waves, could accom- 
plish no one of these things. There is not indeed a single 
phenomenon of Sound that can be explained by the undulatory 
theory. On the other hand there is no known phenomenon 
of Sound which cannot be intelligently and fully explained by 
the corpuscular theory. 

The great English scientist Huxley, in referring to hypoth- 
eses, said : 

" Every hypothesis is bound to explain, or at any rate not to be in- 
consistent with, the whole of the facts it professes to account for ; and 
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if there is a single one of these facts which can be shown to be in- 
consistent with (I do not merely mean inexplicable by, but contrary 
to) the hypothesis, such hypothesis falls to the ground — it is worth 
nothing. One fact with which it is positively inconsistent is worth as 
much, and is as powerful in negativing the hypothesis, as five hun- 
dred." 

And Faraday, equally renowned, truthfully says : 



(( 



But it is always safe and philosophic to distinguish, as much as in 
our power, fact from theory ; the experience of past ages is sufficient 
to show us the wisdom of such a course ; and considering the constant 
tendency of the mind to rest on an assumption, and when it answers 
every present purpose, to forget that it, in such cases, becomes a preju- 
dice, and inevitably interferes, more or less, with a clear sighted judg- 
ment, I cannot doubt but that he, who, as a wise philosopher, has 
most power of penetrating the secrets of nature, and guessing by 
hypotheses at her mode of working, will also be most careful, for his 
own safe progress and that of others, to distinguish that which consists 
of assumption, by which I mean theory and hypothesis, from that 
which is the knowledge of facts and laws j never raising the former 
to the dignity or authority of the latter, nor confusing the latter more 
than is inevitable with the former." 
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vra. 

S translated in 15th edition, Ganot says: 



" Sound is always the result of rapid oscillations imparted to the 
molecules of elastic bodies, when the state of equilibrium of these 
bodies has been disturbed either by shock or by friction. Such bodies 
tend to retain their first position of equilibrium, but only reach it after 
performing, on each side of that position, very rapid vibratory move- 
ments, the amplitude of which quickly decreases." 

We deny that there are oscillations of molecules of elastic 
bodies, whose state of equilibrium was disturbed by shock, and 
demand the proof. This whole statement, and everything that 
depends upon it, is arrant nonsense. If Mr. Ganot, or scientists 
who accept and teach this, cannot prove it, they have no right 
to say it. It's an hypothesis and never was anything more, and 
we have given proof that nothing of this kind occurs, but instead 
that Sound, which is particles of electrical matter produced by 
shock, causes the vibration of the fork. 

Mr. Ganot further says : 

"The conduct ibility of solids is such that the faint scratching of a 
pen or the ticking of a watch at one end of a long horizontal wooden 
rod is heard much more distinctly when the ear is directly applied 
against the other end of the rod than when it is at the same distance 
in the air. Sound may even reach the ear through solids alone with- 
out passing through the air ; for if the ears are closed, and the rod be 
put between the teeth, the ticking is distinctly heard. The earth con- 
ducts sound so well that at night, when the ear is applied to the 
ground, the stepping of horses, or any other noise at a distance, is 
heard." 
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It will be seen from the above that many things are a 
much better conductor of Sound than air, but not so coo* 
venient for the purposes of man. It would of course be im- 
possible for particles of solid substances to be moved by 
particles of air hitting them, as they would have to be 
repeatedly, under the most extraordinary circumstances, if this 
undulatory theory was true. 

Thus one may be in the centre of a large room, with w^ooden 
partition surrounding it, and holloo or speak so as to be readily 
heard outside for some distance, but as in wood, as we have 
seen, sound goes much faster than in air, and in ash wood 
over 14 times as fast, if it was possible for these hypothetical 
sound waves to take place in ash, all representing ordinary 
words would have to be from 28 to 988 feet in length. In 
the supposed instance of passing from the medium of air to 
that of ash, they would have to be started by so called air 
waves of ^^ the length and ^^ the swiftness, and, supposing 
the partition two inches, instantly change back into air waves 
of condensation and rarefaction ^^ the length and speed. 
The whole conception is so appalling, violating all laws of 
nature, or common sense, in such an idiotic way, that we desist 
from following it up further, and respectfully request scientists 
who believe in this theory, if there really are any who do, to 
explain how sound is thus conveyed from one medium into 
another. 

Accepting the corpuscular theory, the explanation is very 
simple. The particles of Sound go through a partition when, 
and only when, there are insterstices large enough for them 
to do it We might, too, have half-a-dozen partitions of 
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different substances, through all which Sound goes with differ- 
ent speed, and into none of which could particles of air enter, 
but through which readily a loud call could be heard. 

And this inconceivable sound wave is seriously proposed as 
the correlative of Sound. That is, the wave in its form must 
represent all the characteristics of sound, not only the pitch 
and intensity, but also the clang tint or color, including every 
intonation of the voice, and any possible variation of tone. 
This is what these waves mean, if they mean anything. There 
would be no undulatory theory if they did not do this. And if 
they should be at all disturbed, the part affected would be 
shattered like a torn leaf, or entirely wanting to the hearer. 

But we have seen how easily all the difficulties of the undula- 
tory theory are explained by the corpuscular. And these 
corpuscles evidently consist of, or resolve themselves into mil- 
lions or billions of particles ; those made by the same sound 
always exactly alike; in this respect similar to the corpuscles 
of odor, which are always alike, when made by the same or 
a similar odoriferous body. 

Such particles as these it is that, spreading like mist, fill 
the atmosphere with Sound; short lived and moving rapidly, 
but abundantly sufficient to perform the wonderful mission 
that God created them to do. How well they do it those may 
realize best who have lost the sensation of sight. For all known 
knowledge of the universe may be taught to every human being 
through the sensation of Sound alone. It is, too, very useful 
to beings of a lower order than man. Simple are the laws of 
nature, always the simplest possible. In that way does she 
accomplish so much and accomplish it so well. 
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Referring to the intensity of Sound, Mr. Ganot says: 

" Many causes modify the force or the intensity of sound. These are 
the distance of the sounding body, the amplitude of the vibration, the 
density of the air at the place where the sound is produced, the direc- 
tion of the currents of air, and lastly, the neighbourhood of other sound- 
ing bodies. The intensity of sound is inversely as the square of the dis- 
tance of the sounding body from the ear, 

" The distance at which sounds can be heard depends on their in- 
tensity. The report of a volcano at St. Vincent was heard at Demerara, 
300 miles off, and the firing at Waterloo was heard at Dover. 

** The intensity of sound increases with the amplitude of the vibra- 
tions of the sonorous body. The connection between the intensity of 
the sound and the amplitude of the vibrations is readily observed 
by means of vibrating strings. For, if the strings are somewhat long, 
the oscillations are perceptible to the eye, and it is seen that the 
sound is feebler in proportion as the amplitude of the oscillations 
decreases. The intensity varies as the square of the amplitude of oscil- 
lation. 

"7>4<f intensity of sound depends on the density of the air in the place 
in which it is produced. As we have already seen when an alarum 
by clock-work is placed under the bell jar of an air-pump the sound 
becomes weaker in proportion as the air is rarefied. 

"In hydrogen, which is about ^ the density of air, sounds arc 
much feebler, although the pressure is the same. In carbonic acid on 
the contrary, whose density is 1.529, sounds are more intense. On high 
mountains where the air is much rarefied, it is necessary to speak with 
some effort in order to be heard, and the discharge of a gun pro- 
duces only a feeble sound. The ticking of a watch is heard in water 
at a distance of 23 feet, in oil of 16^, in alcohol 13, and in air of only 
10 feet. 

" The intensity of sound is modified by the motion of the atmosphere 
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and the direction of the wind. In calm weather sound is always better 
propagated than when there is wind ; in the latter case, for an equal 
distance, sound is more intense in the direction of the wind than in 
the contrary direction. 

" Lastly, sound is strengthened by the neighbourhood of a sonorous 
body, A string made to vibrate in free air has but a feeble sound ; 
but when it vibrates above a sounding-box, as in the case of a violin, 
guitar, or violoncello, its sound is much stronger. This arises from the 
fact that the box and the air which it contains vibrate in unison with 
the string. Hence the use of sounding-boxes in stringed instruments." 

In any correct use of language the amplitude of the vibra- 
tion does not modify the intensity of Sound. It is modified by 

it. 

One might as well say that a shadow modified the size of 

the body which makes it. Or that anything modifies the thing 

that produces it. This is putting the cart before the horse. 

The intensity of Sound is its loudness, and depends upon 
the amount of Sound, and that depends upon the amount of 
the disturbance which makes it, and, as in everything else, the 
amount of material at command, from which it can be made- 
following a universal principle in nature that effects are propor- 
tional to amounts. 

Sound to be electrical must be composed in part of elec- 
tricity, just as anything that is salt must be composed in part of 
salt, or that is sweet, in part of the principle of sweetness, as 
before mentioned ; for that is what salt and sweetness are for 
— to make things salt and sweet ; nor is nature known to make 
superfluous causes. The other parts of the combination might 
be drawn from air, as indeed this part might, but wherever 
the material of which it is made is obtained, Sound is created by 
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shock or friction, and is admirably designed to produce the sen- 
sation of hearing. 

Thus, too, by friction, electricity, one of the most useful and 
powerful agents, is created instantly, and from materials we 
cannot see. 

Sound perishes rapidly; but it is also manufactured with 
wonderful facility. In air Sound moves equally in all direc- 
tions, and therefore its intensity is inversely as the square of 
the distance from the sounding body. The vibration of bodies 
is made by the sound and is therefore proportional to the sound. 

Ganot says : 

" The following experiment shows that the presence of a pondera- 
ble medium is necessary for the propagation of sound. A small metal 
bell, which is continually struck by a small hammer by means of clock- 
work, or else a musical box, is placed under the receiver of an air- 
pump. So long as the receiver is full of air at the ordinary pressure 
the sound is transmitted ; but in proportion as the air is exhausted 
the sound becomes feebler, and cannot be heard in a vacuum. 

"To insure the success of the experiment, the bellwork or the 
musical box must be placed on wadding or on a block of vulcanised 
rubber; for otherwise the sound would be transmitted to the air 
through the plate of the pump. 

" If, in the above experiment, any vapour or gas be admitted after 
the vacuum has been made, the sound of the bell will be heard, 
showing that sound is propagated in this medium as in air. 

" Sound is also propagated in liquids. When two stones are struck 
against each other under water, the shock is distinctly heard ; and a 
diver at the bottom of the water can hear the sound of voices on 
the bank. The sound is, however, enfeebled, as a considerable por- 
tion is reflected at the boundary of the two media." 
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If the second paragraph is true, then the trouble would appear 
to be want of a proper medium to convey the sounds. But is it 
true? 

The article on Acoustics, in the Encyclopccdia Britannica, 
says: 

" De Saussure, the celebrated Alpine traveler, mentions that the re- 
port of a pistol at a great elevation appeared no louder than would 
a smaller cracker at a lower level. 

But it is to be remarked that, according to Poisson, when air-strata 
of different densities are interposed between the source of sound and 
the ear placed at a given distance, the intensity depends only on the 
density of the source itself ; whence it follows that sounds proceed- 
ing from the surface of the earth hiay be heard at equal distances as 
distinctly by a person in a floating balloon as by one situated on its 
surface ; whereas any noise originating in the balloon would be heard at 
the surface as faintly as if the ear was placed in the rarefied air on 
a level with a balloon. This was exemplified during a balloon ascent 
by Glaisher and Coxwell, who, when at an elevation of 20,000 feet, 
heard with great distinctness the whistle of a locomotive passing 
beneath them." 

It is difficult to accept both of these statements. It does not 
in either case affect the principle that Sound is corpuscular, 
but the last statement would appear to directly oppose the first. 
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vm. 

T^HE first recorded experiments of the action of Sound in a 
^ vacuum were made by F'rancis Hauksbee and appear in 
Philosophical Transactions, Vol. V. (1703-1712), pp. 202, 203 
and 499, 500, as follows : 

FROM PHILOSOPHICAL TRANSACTIONS. 

An Experiment made at a meeting of the Royal Society ^ on 
the Diminution of Sound in rarefied Air. By Mr, F, Hauksbee: 

"A bell being included under a receiver, which being shaken to 
make the clapper strike, it was very observable that the interposition 
of the glass between the bell and the ear, was a great obstruction to its 
sound, yet it was audible at some good distance from it : but gradual- 
ly withdrawing the air, and making several stops to shake the bell at 
different degrees of rarefaction, the diminution of the sound at every 
stop was being distinguishable. Till at last, when the receiver was well 
exhausted of air, the remains of sound was there so little, that the 
best ears could but just distinguish it : it appearing to them like a small 
shrill sound as at a great distance. On suffering the air gradually to 
re-enter, it was easy to perceive the increase of sound at the dif- 
ferent times the bell was made to ring : the recipient being again re- 
plete with air, the sound then seemed something more clear and audible 
than at its first inclusion." 

An Experiment made at G re sham College on the Propaga- 
tion of Sound in condensed Air, By Mr. F. Hauksbee , Vol. 
XXIV., p. 202, 203 : 

" A bell being included in a trap recipient, and placed at one end 
of a room about 50 yards long, at the other end of which stood some 
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gentlemen to observe the sound ; before any air was intruded the bell 
on shaking was heard at that distance, although not without diligent at- 
tention. On the intrusion of one atmosphere of air, the bell being 
shaken as before, the sound was very sensibly augmented ; two atmos- 
pheres being impelled and the bell made to ring, a considerable im- 
provement of the sound was then manifest. But on the intrusion of the 
third, fourth and fifth atmosphere, the bells being made to strike, the 
sound seemed not to be propagated proportionably to the first and sec- 
ond ; which might happen by means of some escape of air, or the valve, 
which should have hindered the return of the injected air, not holding 
so tight as it ought ; but that some of the intruded air would repass into 
the syphon, by which means the quantities supposed injected were 
deficient. Another reason why the latter atmospheres did not prop- 
agate the sound as the two first, is this ; though 25 compressions of 
the S3rphon are equal to the natural content of the recipient, yet when 
the air becomes pretty strongly condensed, as by the intrusion of 4 or 
5 atmospheres, the remaining air at every stroke, which will lie be- 
tween the bottom of the embolus and the valve (though but little) is at 
the same density at the same time as the air in the recipient ; which, 
on drawing up the forcer, will extend itself, to supply such a space of 
the cylmder as so much common air ; and is so much short of what 
should be injected at every stroke, 25 of which become equal to the 
natural content of the receiver. Hence th^ deficiencies of the real 
atmospheres, or quantities, by a certain number of strokes, may be very 
considerable, and to account for them, very difficult. 

" Notwithstanding the deficiencies are not known, yet at the end of 
the 5 (though imperfect) atmospheres, the bell being shaken as at 
first, it was the opmion of a gentleman then 50 yards distant that the 
sound seemed to be almost as sensible as when it came to be made and 
exposed in the open air. 

"June the 9th about five in the morning I repeated the experiment 
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in an oi>en field, called the Uliite Contrast, with much the same suc- 
cess as the former. On shaking the bell before any air was intruded, 
it was just audible at 30 yards distant On the injection of one at- 
mosphere it became then as audible at 60 yards as it was before at 
30. A second being introduced, the bell on shaking might then be 
heard at 90 yards distance. But after that though near 100 strokes of 
the forcer were repeated, yet could it hardly be heard 20 yards further, 
which I attribute in a great measure to the reasons before given." 

This last experiment would appear to demonstrate that the 
intensity of Sound depends upon the density of the air where 
it is made. Similar experiments are reported by the noted 
English chemist Mr. Priestley, with same results, and, so far as 
wc have seen, all text-books and encyclopaedia articles on Sound 
admit this principle. If true as stated it would appear that 
sound is composed in part at least from material obtained in air; 
which of course is alone a demonstration that sound is corpus- 
cular. 

.'hi Experiment, showiui^ that actual Sound cannot be trans- 
initted through a Vacuum, By Mr, Fr, Hauksbee, F.R.S. N** 
321, p. 567 [1703 to 1712]. 

" That the experiments already made, endeavouring to produce from 
a bell in vacuo, have been altogether ineffectual, is well known. Yet 
that the loss of it should be wholly attributed to the absence of the air, 
I think could not without another experiment be absolutely concluded, 
since the following query might fairly be started on this occasion ; 
viz, whether the sonorous body in such a medium might not so suffer, 
or undergo such a change in its parts, as to be rendered incapable of 
being put into such a motion as is requisite for the action or produc- 
tion of sound. Now to bring this to the test, I contrived the following 
experiment. 
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" I took a strong receiver, armed with a brass-hoop at bottom, in 
which I included a bell as large as it could well contain. This receiver 
being screwed strongly down to a brass-plate, with a wet leather between, 
was full of common air, which could in no way escape. Thus secured, 
it was set on the pump, where it was covered with another large re- 
ceiver. In this manner, the air contained between the outer and inner 
receivers was exhausted. Now here I was sure, when the clapper should 
be made to strike the bell, there would be actual sound produced in 
the inner receiver, the air in which was of the same density with com- 
mon air, and could suffer no alteration by the vacuum on its outside, be- 
ing so strongly secured on all sides. Thus all being ready for trial, the 
clapper was made to strike the bell; but there was no transmission of 
it through the vacuum, though it was certain there was actual sound 
produced in the receiver. This plainly shows, and seems positively to 
confirm, that air is only for the propagation of sound.'* 

An Expcrhncnt showing the Propagation of Sound passing 
from the Sonorous Body into the common Air, in one Direction 
only. By Mr, Fr, Hauksbee, F.R.S. N° 321. p. 369. 

" Since, by the former experiment, actual sound could not be trans- 
mitted through a space void of air ; I was inclined to try whether a 
sound, propagated in a receiver, having a communication with the open 
air at one small aperture only, but otherwise entirely surrounded by a 
vacuum, would be increased, or continued sounding longer, at each 
stroke given the bell, than it would do, were its body encompassed by 
such a medium. I therefore included the bell as in the foregoing ex- 
periment ; only, to the upper part of its receiver, was screwed a box 
with collars of leather ; and on the top of the outward receiver, was 
laid a brass-plate with a wet leather between ; in the middle of which 
plate, was likewise screwed another brass box with collars, as before. 
These receivers, when placed on the pumj), had their lx)xes standing 
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directly one over the other. Through both of them in that position, 
I passed a hollow brass tube, which exactly fitted their perforations : 
thus the inner receiver had a communication with the outward air, 
and the outer receiver was thereby secured from the ingress of the cir- 
cumambient medium. Now when the air contained between the re- 
ceivers was pretty well exhausted, and the bell struck, the sound was 
sensibly very vigorous, and very nearly as great as before any air was 
exhausted ; yet if a finger was applied to the aperture of the hollow 
brass tube, the sound would be so much diminished, as but just to be 
distinguished. By this we see, that since the sound in that state can- 
not be transmitted through the receiver that includes it, by means of 
the surrounding vacuum, yet the receiver is certainly struck with it ; 
but finding no conveyance that way, reverberates and makes its passage 
where it finds least resistance. Nor did I observe, that though the 
sound had but one passage from its receiver, and that but a small one, 
that it continued any longer after the stroke, than if it had been made 
in the open air." 

Aft Experiment on the Propaij^ation of Sound through Water* 
By Mr, Fr, Hauksbee, F. R. S, N*^ 321, p. 371. 

" As a former experiment showed that sound could not be trans- 
mitted through a vacuum, I was induced to try what would be the effect, 
by surrounding the receiver, that contained the sounding body, with so 
dense a medium as water. Accordingly, as in the former experiment, 
the receiver which contained the bell >%*as screwed down to a brass-plate, 
with a leather between ; this receiver with its bell, was suspended 
in a large glass vessel, by four threads to the top, and as many to the 
bottom, by which it remained in the middle between both. Thus 
provideii, the clapper was made to strike the bell, whose sound was 
somewhat less by the interposition of the glass than it would be when 
made in the open air ; however it was xtiy audible, and might be heard 
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at a considerable distance ; it appeared to the ear to be very harsh, in 
respect to the tone it yielded. But now, when the water came to be 
poured in, and the inner receiver surrounded by it, at least an inch and 
a half from the nearest part of the outer glass, the clapper again was 
made to give the sound ; which it did, seemingly very little less in re- 
spect of its audibility^ but much more mellow, sweet, and grave, at least 
two or three notes deeper than it was before." 
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IX. 

THESE experiments, all considered, show that Sound must 
have a sufficiently dense medium to move in. It appar- 
ently cannot advance in a so-called vacuum, neither could a 
bird fly. It would appear, from experiments as reported, by a 
number of reliable physicists, and accepted by all, that the in- 
tensity of Sound depends upon the density of the air where it is 
made. But if so it must be made in part at least, from air, or 
substances in air. 

Mr. Hauksbcc was a very careful experimenter but both 
he and Dr. Priestly entirely failed to estimate correctly the 
possible meaning of the experiments. Mr. Hauksbce says: 

"This plainly shows, and seems positively to confirni, that air is the 
only medium for the propagation of sound." 

What it might show was that Sound couldn't be conveyed 

through a v^acuum, future discoveries proving that it could be 

conveyed by a thousand different mediums more or less, besides 
air. 

A little later Mr. Hauksbee demonstrated it could be conveyed 

through water. Neither here nor in the air is there any disturb- 
ance perceptible. The only place there is, is in the sounding 
body and certain bodies that conduct Sound. And here again 
the scientists, at least most of them, have blundered in suppos- 
ing or assuming that the agitation of the sounding body was 
caused by particles being a part of it, making these sensible 
oscillations without being able themselves to separate. 
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And such an absurd supposition or hypothesis, although 
the movement always follows a blow, which might create any 
possible force — and also, although demonstrated by vibrating 
plates, that infinitesimal particles of matter or corpuscles make 
a veritable movement at different portions of the vibrating 
body, passing between nodes ; whilst in addition to this is the 
striking fact, that the sound made in musical bodies by shock 
is always conducted through the air in all directions in which 
the air extends, with distances depending upon the intensity of 
the sound. 

Also these sounds may be conducted by different bodies in- 
definite distances, flowing like a stream, or in some respects 
like electricity ; though their flow is far more rapid than ordi- 
nary streams, and not near so fast as the electrical current. 

This, too, is noticeable in the movement of Sound, that you 
can trace or conduct it. Trace it, because through many me- 
diums it produces a trembling motion, from the time it leaves the 
musical instrument in which it is made until its force is spent. 

For instance such sound flows from a tuning-fork when its 

stem is placed upon a proper medium. Nobody can suppose 

that it is particles of the fork that thus flow. Everyone knows, 

or can know by proper observation, that it is Sound, made by 

shock, and consisting of infinitesimal particles of electrical 

matter, which carry within themselves the power of movement 

at all grades. 

On page 218, Mr. Ganot refers to a peculiar phenomenon 

of sound, called Doppler*s principle, as follows: 

" When a sounding body approaches the ear, the noise perceived is 
some what higher than the true one ; but if the source of sound recedes 
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from the ear, the note perceived is lower. The truth of this, which 
is known as DoppUr^s principU^ will be apparent from the following 
considerations : — When the source of sound and the ear are relatively 
at resty the ear receives n waves in a second ; but if the ear approaches 
the sound, or the sound approaches the ear, it receives more ; just as a 
ship meets more waves when it ploughs through them than if it is at 
rest. Conversely, the ear receives a smaller number when it recedes 
from the source of sound. The effect in the first case is as if the 
sounding body emitted more vibrations in a second than it really does, 
and in the second case fewer. Hence in the first case the note appears 
higher ; in the second case lower. 

"To test Doppler's theory Buys Ballot stationed trumpeters on 
the Utrecht railway and also locomotives, and had the height of the ap- 
proaching or receding notes compared with stationary ones by musi- 
cians. He thus found both the principle and the formula fully con- 
firmed. Similar conclusive experiments were made by Scott Russell 
on English railways. The observation may often be made as a fast 
train passes a station in which an electric alarum is sounding. In- 
dependently of the difference in loudness, an attentive ear can detect 
a difference in pitch on approaching and on leaving the station. A 
speed of about 40 miles an hour sharpens the note of the whistle of an 
approaching train by a semitone, and flattens it to that extent as the 
train recedes. 

" Doppler*s principle may also be established by direct laboratory 
experiments. Rollmann fixed a long rod on a turning table, at the 
end of which was a large glass bulb with a slit in it, which sounded like 
a humming-top when a tangential current of air was blown against the 
slit. The uniform and sufficiently rapid rotation of the sphere de- 
veloped such a current, and produced a steady note, the pitch of which 
was higher or lower in each rotation according as the bulb came nearer, 
or receded from, the observer. 
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"The principle may also be illustrated by means of a tuning-fork with 
wide branches, and producing a very high note of 2,046 vibrations. 
When this Is loudly sounded, and, being held in front of a smooth wall, 
is moved towards it with a velocity of a metre in a second, the direct 

note and that reflected from the wall undergo opposite changes, so that 
an observer hears distinctly twelve beats in a second." 

Wanted, the amount of sound from a distant stationary en- 
gine, heard in a given time by a person standing still ; also when 
the engine approaches the person, or the person the engine, or 
both. Let us suppose the distance, a quarter of a mile between 
the engine and listener, each stationary. We will suppose, that 
the engine when whistling makes 60 shocks a minute, and each 
shock a vibration. We will suppose, too, that it will take one 
second for the sound to reach the listener. In one minute, then, 
60 shocks or vibrations of Sound would be made by the station- 
ary engine, and all would reach the listener in that time, but no 
time to spare. It would all, too, be of the same intensity, be- 
cause coming the same distance. 

Let us now suppose that the engine approaches the listener, 
making the distance in one minute. The sound reaching the 
listener would constantly increase in intensity, because con- 
stantly having less distance to go ; but the intensity or loudness 
of sound, does not affect its tone. 

We have assumed that the engine will make 60 shocks in one 
minute as it approaches the listener. The sound arising from 
these would be heard in 59 seconds, one second being taken up 
with the passage of the sound from the engine to the listener. 
And thus in addition to the usual amount of sound heard in 
a given time when listener and engine are both stationary, the 
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hearer, would receive as much additional sound as is made in 
one second and, if the speed of the mov^ing engine was constant, 
this would be distributed equally throughout the time. 

But, as a matter of fact, the whistle would make a great many 
more vibrations a second than supposed, and all, whatever their 
number, would be received by the listener, in addition to what 
he would receive if the engine remained stationary. And thus 
it would appear that the tone depends upon the number of vibra- 
tions, made by the same instrument, received in a given time by 
the hearer, being higher with increased number, and lower with 
decreased. That is, the Doppler experiment adds to the proof 
that tone, other things being equal, depends upon the rapidity 
of the vibrations. But the vibrations depend upon the character 
or nature of the body which vibrates, and also the force, in- 
finitesimal particles of electrical matter made by shock, which 
makes it vibrate. 

The same results would take place if the engine and hearer 
both approached each other ; and directly the opposite if separa- 
ting. This again agrees with the universal principle in nature 
that effects are proportionate to amounts,if these last are of the 
same character. In this instance a certain variation of amounts 
changes the intensity of Sound, and the variation of amounts 
of a different character, changes its tone. 
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X. 

j^ ANOT thus refers to sympathetic or unison vibration : 

** A singular property of bo<iies in a state of vibration is that of 
setting in vibration bodies at rest. Thus, if two tuning forks, tuned 
so as to give accurately the same note, be at some distance from each 
other, and one of them be sounded, the other will be set in vibration 
and emit the same note. But, if one of the forks be put slightly out of 
tune with the other, by attaching a piece of wax to one prong, for in- 
stance, the excitation of either one will have no effect on the other. 

" This phenomenon, that a body in a state of vibration has the power 
of causing an independent body at rest to vibrate in the same period, 
is called consonance, 

" If a metal wire freely suspended in the air be tightly stretched 
and then be set in vibration, the note which it emits will be feeble. 
So, too, a tuning-fork when sounded gives but a feeble note ; but if its 
stem be held on a table the note becomes far louder. 

" The reinforcement of a sound by attaching the sounding body to a 
large, dry, elastic wooden plate, called a sound-board, or to a wooden 
box enclosing a mass of air, is called resonance ; the vibrations of the 
sounding body are transmitted to the sound-board, which, being set in 
vibration, communicates its motion to large masses of air. 

"Although the terms consonance and resonance are sometimes 
used indiscriminately, there are distinctions between them. 

" Consonance is the excitation of an independent body to vibrate 
in unison with the sounding body ; it begins later than the sounding 
body, and continues after it has become silent. Resonance begins and 
ends with the sound of exciting body. A sound-board strengthens and 
imparts a general sonority to a complex series of notes. The more a 
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body diverges from the form of a plate and approaches that of a 
rod, the more is its resonance limited to strengthening one or two 
notes. 

" In resonance, however, there is a certain amount of tuning.- For 
the loud and deep notes of the * cello a large resonance-box is used 
and a smaller one for higher notes of the violin. Small enclosed 
volumes of air also strengthen one note in preference." 

The statement that the vibrations of the sounding body are 
transmitted to the sounding-board, is pure humbug, not to call 
it by a harsher term. How transmitted? The only possible 
way to transmit the vibrations of a body is to transmit the body 
Itself, but in this case the vibrations referred to are those of the 
tuning-fork, and to transmit them the tuning-fork would have 
to be transmitted to the sounding-board, which is not done. 

But something is transmitted, that makes a great increase 
of Sound. What is it? There is only one possible answer — the 
Sound. Sound is transmitted by a conductor to a board, 
which, because of its enlarged surface, throws it off much 
faster than the fork can. And with this self-evident and only 
possible explanation of what takes place, the undulatory theo- 
ries are ended. And this is the reason, and only reason, why 
the truth isn't perceived and told. 

Mr. Tyndall in his book " On Sound," makes a similar inex- 
cusable blunder or misstatement. He says : 

"The transmission of musical sounds through solid bodies is also 
capable of easy and agreeable illustration. Before you is a wooden 
rod, thirty feet long, passing from the table through a window in the 
ceiling, into the open air above. The lower end of the rod rests upon 



THE NEW PHYSICS 79 

a wooden tray, to which the musical vibrations of a body applied to the 
upper end of the rod are to be transferred. An assistant is above 
with a tuning fork in his hand. He strikes the fork against a pad ; 
it vibrates, but you hear nothing. He now applies the stem of the fork 
to the end of the rod, and instantly the wooden tray upon the table is 
rendered musical." 

It will be remembered that it isn't the stem, according to this 
theory, that makes the sound in the air, but the prongs. Mr. 
Tyndall continues : 

" We are now prepared to appreciate an extremely beautiful experi- 
ment, for which we are indebted to Sir Charles Wheatstone. In a room 
underneath this, and separated from it by two floors, is a piano. 
Through the two floors passes a tin tube two and one-half inches in 
diameter, and along the axis of this tube passes a rod of deal, the end 
of which emerges from the floor in front of the lecture table. The 
rod is clasped by India rubber bands, which entirely close the tin tube. 
The lower end of the rod rests upon the sound board of the piano, 
its upper end being exposed before you. An artist is at this moment 
engaged at the instrument, but you hear no sound. WTien however, a 
violin is placed upon the end of the rod, the instrument becomes 
instantly musical, not, however, with the vibrations of its own strings, but 
with those of the piano. WTien the violin is removed, the sound ceases ; 
putting in its place a guitar, the music revives. For the violin and 
guitar we may substitute a plain wooden tray, which is also rendered 
musical. Here, finally, is a harp, against the sound board of which the 
end of the deal rod is caused to press ; every note of the piano is re- 
produced before you. On lifting the harp so as to break the connec- 
tion with the piano, the sound vanishes ; but the moment the sound 
board is caused to press upon the rod the music is restored. The 
sound of the piano so far resembles that of the harp that it is hard to 
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resist the impression that the music you hear is that of the latter in- 
strument. An uneducated ear might well believe that witchcraft or 
'spiritualism* is concerned in the production of this music." 

This use of the word vibration [in this case of a tuning-fork] 
for Sound, which is repeatedly done in this article, though 
not in all cases, shows how perfectly unreliable and irresponsi- 
ble a person becomes when misled by a false theory. 

These same experiments of Mr. Wheatstone are thus de- 
scribed by Dr. Neil Arnott, in his excellent " Elements of 
Physics," published 1827, 7th edition, 1879: 

"The late Sir Charles Wheatstone showed, as far back- as 1823, 
that musical sounds might be readily transmitted through solid linear 
conductors. An experiment on a large scale was performed at the 
Polytechnic Institution under an arrangement called the Telephone. 
Performers on various instruments were placed in the basement of the 
building, and the sounds which they produced were conducted by 
solid rods through the principal hall, in which they were inaudible, 
to sounding-boards in a concert room in an upper floor, where the music 
was heard by the audience precisely as if it was being performed 
there." 

Dr. Arnott follows the Scotch custom of calling a spade a 
spade, and Sound, Sound ; that is, tells the truth. 

In the case of a violin, harp, or piano, many different sounds 
or notes are transferred to the sounding-board, where a 
supply of the different sounds is maintained, and thrown 
into the air, as long as the instruments furnish it, and no 
longer. In all such cases the principle which operates is 
resonance. By previous well understood principles consonance 
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or unison vibration would be impossible. That is, unison or 
sympathetic vibration takes place only when two bodies have 
the same vibration, it being understood that every elastic body 
has one and only one normal vibration. And therefore as 
the instruments referred to make many different sounds, unison 
vibration of them all by the same body is impossible. 

With the undulatory theory of Sound this whole matter is 
unexplained. With the corpuscular theory, like any other 
phenomenon of Sound it explains itself. 

These sounding boards, whatever their character, always have 
material connections, aside from air, with the vibrating body 
which conduct the sound to them in the same manner as that 
of a tuning-fork is conducted by a deal stick from the fork to 
the teeth and head. 

This sound, in its nature always active, circulates over and 
perhaps through such sounding boards or boxes, and is thrown 
off in large quantity by them into the air. 

This is a complete explanation of the action of Sound in all 
such instances, and is the correct one. It alone settles the 
question of the nature of Sound, proving it to be corpuscular 
and like electricity a fluid ; that is, something which like elec- 
tricity or a river continues to flow as long as necessary supplies 
are furnished. Its power of motion, as we have repeatedly said, 
is innate. It flows through the stick, as naturally as water 
flows down hill, though not for the same reason. 

It will be seen that sympathetic vibration is called con- 
sonance; reinforcement by sounding bodies, resonance. Ganot 
further states that there are distinctions between them, although 
they are sometimes used indiscriminately. But he does not 
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attempt to explain this difference, as it cannot be done with the 
undulatory theory. 

We have seen with the tuning-fork that sound is made by 
shock, and makes the vibration, This sound made by shock 
immediately grows less, and, other things being equal, lessens 
equably until it ceases. The vibration also diminishes in the 
same proportion. 

That Sound is always made by shock, and in musical instru- 
ments is always the cause of the visible vibrations, follows, 
for nature's laws are universal. 

When the stem of the fork is placed upon some body which 
is a good conductor of Sound, the fork is emptied rapidly; 
and in either case the vibrations decrease in exact proportion 
with the Sound, each ceasing at the same moment. 

In this case the sound in the fork was started by a blow. 
The same thing takes place when a piano string, or violin string, 
or the string of any musical instrument is struck ; that is, if these 
strings are strained to the same tension, they will always pro- 
duce, when struck, a sound of the same pitch or tone, and in 
such case can produce no other. It makes no difference how 
fast or how hard the fork is hit ; or the wires when properly 
fastened. Nor does increased sound then alter the pitch. 

It alters the distance in which sounds can be heard, — that is, 
it alters the intensity of the sound, and this increases the dis- 
tance that the sound flows, just as an increase of water in- 
creases the distance that a stream will flow; and as Sound 
spreads in all directions from the sounding body as a centre, 
its intensity or amount diminishes as the square of the distance. 
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XI. 

CHAPTER 11. of Ganot treats of the measurement of the 
number of vibrations, and begins with : 

savart's apparatus. 

" Savart's toothed wheel, so called from the name of its inventor, is 

an apparatus by which the absolute number of vibrations corresponding 

to a given note can be determined. It consists of a solid oak frame in 

which are t»o wheels, A and B (fig. i) ; the larger wheel. A, is con- 



Fig. I. 
nected with the toothed wheel by a strap and a multiplying wheel, there- 
by causing the toothed wheel to revolve with great velocity ; a card, E, 
is fixed on the frame, and, in revolving, the toothed wheel strikes against 
it and causes it to vibrate. The card, being struck by each tooth, 
makes as many vibrations as there are teeth. At the side of the ap- 
paratus is an indicator, H, which gives the number of revolutions of the 
wheel, and consequently the number of vibrations in a given time. 

" When the wheel is moved slowly, the separate shocks against the 
card are distinctly heard ; but If the velocity is gradually increased. 
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the sound becomes higher and higher. Having obtained the sound 
whose number of vibrations is to be determined, the revolution of the 
wheel is continued with the same velocity for a certain number of 
seconds. The number of turns of the toothed wheel B is then read off 
on the indicator, and this multiplied by the number of teeth in the 
wheel gives the total number of vibrations. Dividing this by the cor- 
responding number of seconds, the quotient gives the number of vibra- 
tions per second for the given sound.*' 

In the Savart wheel the vibrations of the card-board hit are 
constantly changed, because its position is constantly changed. 
And this comes in the nature of the instrument; it couldn't be 
otherwise ; as by the increased speed of the wheel the space 
through which the struck board falls is lessened. It is, too, per- 
haps possible that the pitch is raised if the blows come so fast 
that the card cannot finish its vibrations before it is again struck. 

Not, then, the continued striking of a body, however rapidly 
or strongly this may be done, alters the sound, but such inter- 
ference with the conditions of the body struck as shall prac- 
tically make it another body, when the vibrations will be differ- 
ent With the Savart instrument this is successive and con- 
stant, so that in its gamut it represents all bodies. 

We can now see why the sound made by this instrument, or 
any similar instrument, constantly varies; the instrument, in 
which, or by which, the sound is made is constantly changed. 

What then raises the pitch ? The answer is very plain : the 
laws of God ; not any operations of man, but a beautiful sys- 
tem wide-spread as the universe, by which every body of a cer- 
tain form will always, if left to itself, produce a sound of a cer- 
tain pitch ; and these bodies are divided up so thoroughly that 
sounds of all pitch audible to man are readily reached. And 
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in this way the varieties of sound are produced, and may always 
be obtained. 

And what produces the sound? Always shock produces 
it. And always the sound produces the vibrations. And 
always the vibrations are what they are because of the nature 
of the body which makes them. And evidently the completion 
of the sounds, and their throwing off into the air, quite similarly 
as newspapers are thrown off from the press after being printed, 
depends upon the vibrations. It's what they are for. And these 
depend upon the interstices of bodies, in which and through 
which this wonderful electrical force operates. Thus is Sound 
made and to it is added a power or motion, as wings are to 
birds, — and thus are they complete to fulfill the mission of their 
creation. And as their system of motion is fixed and constant, 
with it they can create bodies that will repeat all sounds, each 
body the sound which made it. 

It takes but an instant to see what a magnificent system this 
is to furnish the universe with Sounds, the great majority of 
the bodies in the world contributing. A blow and the sound 
is forth-coming, of all characters from the roar of the storm 
to the exquisite notes of a sky-lark, or a human voice. 

From these different conditions it appears that Sound in cer- 
tain forks causes just such a number of vibrations, whose 
duration depends upon the intensity of the sound when the vi- 
brations begin ; that is, at the instant of shock, when the sound 
is made ; and which are equally reduced in length from the 
first to the last vibration, because of the constant and equal 
reduction of the sound, from ordinary wear of that in the 
fork, and loss of that thrown off from the fork. 
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In addition to this it would seem that the vibration itself 
might produce more Sound by producing shock or distur- 
bance when hitting the particles of air. Should the vibrating 
body hit a solid body, it would stop, but in hitting particles of 
air it does not stop. Such sound however would appear to be 
of so small intensity as to be negligible. 

Following the Savart apparatus is a description of the Sirene, 
another instrument designed to measure the number of vibra- 
tions of a body in a given time. This instrument is rotated by 
wind, the vibrations being those of air, the body of which is 
constantly changing with the increased velocity of the mov- 
able disk. In describing the plate Ganot says : 

" If the fixed plate, like the moving disk, had eighteen holes, cac:^"^ 
hole would separately produce the same effect as a separate one, thr^e 
soimd would be eighteen times as intense, but the number of vibi 
tions would not be increased." 



IS 



As the fixed plate has but one hole, the body of the air 
constantly changed when the speed of the machine is conti 
ually increased, and therfore the pitch constantly raised, cn:^^ 
when the speed is continually reduced, as constantly lowerecu^' 
The description of this instrument closes as follows: 

" For the same velocity of rotation the sirene gives the same soun^^^" 

in air as in water ; the same is the case with all gases ; and it appeal s, 

therefore, that any given sound depends on the number of vibratio^^^^ 
produced and not on the nature of the soimding body." 



Every given sound depends upon the mixture of matter 
which it is composed. The sounding-body is responsible for i 
existence, but frequently bodies of different material will per- 
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form the same function, as a pitcher, or, as in this case, machin- 
ery. 

Tuning-forks are made with an arrangement for regulating 
the rate of vibration by changing the body that vibrates, and 
this IS done by a movable gauge between the prongs, and 
weights at their ends. The gauge and weights being set. the 
rate of vibration of the fork will be constant until they are 
changed, but change these the slightest and a new tone is start- 
ed. And so as in the Savart wheel, or the Sirene, the whole 
gamut may be sounded. As the sound in all cases makes the 
vibrations, these are isochronous from start to finish. For 
the material of which Sound is composed diminishes uniformly, 
and therefore the intensity or strength of Sound diminishes 
uniformly. 

These different principles operate in a similar manner in the 
record of a phonograph or graphophone. Of these instruments 
Ganot says : 

** If the velocity of rotation increases the pitch of the sound is raised ; 
and if the speed is not uniform, then, in the case of a song, the re- 
production is incorrect. In order to produce a uniform velocity the in- 
strument may, with advantage, be driven by clockwork. 

" There is a great difference in the distinctness with which the var- 
ious consonants and vowels are reproduced ; the most distinct being 
words containing the vowels A, O, and U, and the consonants, T, K, 
and R ; the S, and similar consonants, on the contrary, are seldom dis- 
tinct. If the phonograph be rotated in the reverse direction, the sounds 
of which the words are made up retain their character, but are repro- 
duced in the reverse order. 

" The impressions on the tinfoil appear at first sight as a series of 
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successive points or dots, but when examined under a microscope they 
are seen to have a distinct form of their own." 

This emphasizes the fact that each indenture represents a 
particular sound, and, as it takes a large number of them for each 
word or letter, the manner in which the shading or color of 
sound takes place is illustrated. The indentures of course are 
continuous. That is, they follow each other successively pre- 
cisely as words are spoken or other sounds made. The shading is 
the result of the mixture, — comes from its varying, which is con- 
stant. It might be illustrated by the mixture of any article of 
food, whilst any ingredient, as flour, or sugar, or salt, was being 
continuously added. The slightest addition of any one would 
make a little difference of flavor, whether we recognized it or 
not. And the merit of the whole article — any article of food 
we might imagine — ^would depend, — always depends, other 
things being equal, upon the combination, although we might 
not be able to distinguish slight variations. 

The same is true of colors, every shade of which, — ^and 
these shades are often absolutely continuous, — comes from the 
variation of the mixture, to which and which alone the colors 
are due, in precisely the same way that the colors on a painting 
are due to artificial mixtures of the paint. And undoubtedly, 
too, the same colors are made by nature or man by the same in- 
gredients, just as a telescope or microscope is made in accord- 
ance with the laws of vision. There is no question about this. 
There is just one mixture that will make any particular shade 
of color, in the universe. So perfect is the system of law or 
order by which this universe is constructed. 
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The same, as we have shown by the excellent article of the re- 
nowned French Scientist Ferdinand Papillon, is true of odors, 
the manufacture of which, as well as of colors, man has been 
able to duplicate. 

Smell a pink fresh from the garden, or the hot-house. A 
thousand millions, for ought we know, of infinitely small particles 
of odor comes with a single smell. And these have been manu- 
factured, as has been proven, through the machinery provided 
by nature, in the air, mainly from carbon and hydrogen, and by 
the air wafted into the nostrils, — ^whence comes smell to sentient 
beings. 

In connection we will repeat again from the article of Mr. 
Papillon, a few very pertinent sentences : 

"These rapid details allow us to understand precisely the chemical 
character of the essences or essential oils which plants elaborate within 
their delicate tissue. Except a small number among them which con- 
tain sulphur, as the essences of the family of crucifers, they all present 
the same qualitative composition — carbon and hydrogen, with or with- 
out oxygen. Between one and another of them merely the proportion 
of these three composing elements varies by regular gradations, but so 
as always to correspond either to a hydrocarburet, or to an aldehyde, 
or to an ether. In this case, as in almost the whole of organic chem- 
istry, everything is in the quantity of the composing elements. The 
quality is of so little importance to Nature, that, whiU following always 
the same laws^ and constantly using the same materials^ she can, by 
merely changing the ponderable relations of the latter, produce by 
myriads of various combinations, myriads of substances which have no 
resemblance to each other. 

"Such is the chemical nature of most of the odorous principles of 
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vegetable origin. But chemistry has not stopped short with ascertain- 
ing the inmost composition of these substances ; it has succeeded in 
reproducing quite a number of them artificially, and the compounds 
thus manufactured, wholly from elements, in laboratories, are absolutely 
identical with the products extracted from plants." 
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xn. 

F^ERHAPS no instrument has ever been invented which has 
^ created so much wonder as the graphophone, or more 
interest. The reproducer passing through the indentures pro- 
duces a shock, which creates Sound in them. The Sound 
produces vibration, in the indentures, just as naturally as it 
does in a tuning-fork, or a piano wire, only the indentures are 
of infinitesimal character. 

In this example, as well as in that of homeopathy, we get 
a glimpse of a world new to us ; a world of infinitesimals and 
where of necessity all things connected belong to this order. 
That is, with miniature indentures must come miniature vibra- 
tions, but under the same conditions the pitch is the same. 
For every sounding body has its normal vibration and no other. 
It has, too, its normal sound, accompanying that vibration. 
When the speed of the reproducer is increased, it acts as it 
does with the Savart wheel to raise the pitch, or conversely 
to lower it. 

It is evident again that exactly the same laws operate with 
Sound, irrespective of the size of the body struck; which would 
appear to show that there are new phases of our universe as re- 
gards size of their phenomena, but governed by precisely similar 
laws to those with which we are more intimately acquainted. 

And so again there are instruments, as a megaphone, to trans- 
late to us and make fit in with ours, these productions of a dif- 
erent order of things. So that the sounds which we could hard- 



92 THE NEW PHYSICS 

ly hear, enter into competition with those which we are accus- 
tomed to. 

The cause of rain is moisture in the air, but the density of 
the clouds and condition of the atmosphere in regard to tem- 
perature, circulation and perhaps composition, decide in what 
form it falls, and how much of it. In either of these cases an 
ultimate first cause is the amount of material out of which the 
rain, or Sound, or anything else is made. 

That would be a cause of the amount of goods delivered 
from a saw mill, or cotton, or woolen, or any other mill ; but 
again the amount of goods delivered in every case would also 
depend upon the action of the machinery of the mills. 

In either of the cases it would be true, if the mill made the 
goods without material to make them from, that goods primarily 
and only depended upon the action of the mills ; but this is one 
of the many things that are impossible under the laws of nature, 
as much so as that the diafram of a telephone should repeat the 
sounds of the universe, or that any others of the fixed and eter- 
nal laws of God, by which the universe was constructed, and 
upon which its operations depend, should cease to act. Ultima- 
tely the sound delivered depends upon the amount of it made 
by the shock, less that wliich perished before delivery; and this 
again must depend upon the material at hand to make it, when 
the shock takes place. 

We say the cotton mill makes the cotton goods, which in 
one sense is correct ; but it doesn't make the cotton. A mill 
might be a sufficient cause for the quality of goods delivered, 
but could not be for the cotton, or wool, or silk, or anything 
from which the different goods are made. And sound is no 
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exception to this. There are no exceptions ; nature's laws are 
universal, and unalterable. They are, too, the same, as re- 
peatedly shown in ** Ellen," whether the things made by them 
are natural or artificial. This cannot be too generally under- 
stood. Because of the ignorance of such fundamental princi- 
ples do the mistakes in physics arise. A foundation for know- 
ledge is as indispensable as for a building. 

In nature every cause has to be provided for, before a suf- 
ficient cause is sustained ; and always there must be a cause for 
a cause, and a sufficient one. That is, there is to every thing 
a series of sufficient causes, until we come to the ultimate 
cause of all, an infinite God, self-sustaining and eternal; that 
Power which wills and a thing is done. 

In the operations of nature there would appear to be no 
way by which any substance is changed, except by addition or 
diminution, one or both. In the change of tone Sound under- 
goes an essential change, which as would appear from the 
Dopier principle is caused by an increased quantity of the same 
quality of sound reaching the sense of hearing in a given length 
of time, as a second ; the tone being raised if the quantity of 
sound is increased, and lowered if it is diminished. 

But as Sound concerns disturbance, that is, matter in motion, 
those things which affect it have to do with matter in motion, 
and perhaps only with matter in motion, of which there must 
be many kinds, as we often see illustrated in fire-works. 

Ganot thus describes the Phonautograph : 

" This apparatus registers not only the vibrations [sounds] produced 
by solid bodies, but also those produced by wind instruments, by the voice 
in singing, and even by any noise whatsoever ; for instance, that of thun- 
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der, or the report oC a. cannon. It consists of an ellipsoidal barrel, Afi 
(fig. 2), about a foot and a half long and a foot in its greatest 
diameter, made of plaster of Paris. The end A is open, but the end 
B is closed by a solid bottom, to the middle of which is fixed a brass 



Fig. 2. 

tube a, bent at an elbow and terminated by a ring, on which is fixed a 
flexible membrane which, by means of a second ring, can be stretched 
to the required extent. Near the centre of the membrane, fixed by 
sealing-wax, is a hog's bristle, which acts as a style, and of course, 
shares the movements of the membrane. In order that the style shall 
not be at a nor/e, the stretching ring is fitted with a movable piece, /', or 
svbdh'ider, which, being made to touch the membrane first at one 
point and then at another, enables the experimentei to alter the ar- 
rangements of the nodal lines at will. By means of the subdivider, the 
point is made to coincide with a loop ; that is, a point where the vibra- 
tions of the membrane are at a maximum. 
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" When a sound is produced near the apparatus, the air in the ellip* 
soid, the membrane, and the style will vibrate in unison with it, and it 
only remains to trace on a sensitive siuiace the vibrations of the style, 
and to fix them. For this purpose there is placed in front of the mem- 
brane a brass cylinder, C, turning round a horizontal axis by means of 
a handle, m. On the prolonged axis of the cylinder a screw is cut 
which works in a nut ; consequently, when the handle is turned, the 
cylinder gradually advances in the direction of its axis. Round the 
cylinder is wrapped a sheet of paper covered with a thin layer of lamp 
black. 




Fig. 3. 




Fig. 4. 




Fig- 5- 

"The apparatus is used by bringing the prepared paper into contact 
'^th the point of the style, and then setting the cylinder in motion 
round its axis. So long as no sound is heard, the style remains at rest, 
and merely removes the lampblack along a line which is a helix on the 
cylinder, but which becomes straight when the paper is imwrapped. 
But when a sound is heard the membrane and the style vibrate in unison, 
and the line traced out is no longer straight, but undulates, each un- 
dulation corresponding to a double vibration of the style. Conse- 
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quently, the figures thus obtained faithfully denote the number, ampli- 
tude, and isochronism of the vibrations. 

"Fig. 3 shows the trace produced when a simple note is sung, 
and strengthened by means of an upper octave. The latter note is re- 
presented by the curve of lesser amplitude. Fig. 4 represents the 
sound produced jointly by two pipes whose notes differ by an octave. 
The lower line or fig. 5 represents the rolling sound of the letter R 
when pronounced with a ring. 

"The upper line of fig. 5 represents the perfectly isochronous 
vibrations of a timing-fork placed near the ellipsoid. This line was 
traced by a fine point on one branch of the fprk, which was thus foimd 
to make exactly 500 vibrations per second. Hence, each undulation 
of the upper line corresponds to the -^^ part of a second ; and thus 
these lines become very exact means of measuring short intervals of 
time. For example, in fig. 5 each of the separate shocks producing 
the rolling sound of the letter R corresponds to about 18 double vibra- 
tions of the tuning-fork, and consequently lasts about ^^ or about 
^ of a second." 

As suggested by Mr. Ganot, this instrument operates by the 
principle of unison vibration, which is accomplished through the 
sub-divider. That is, by the use of this instrument the mem- 
brane may be made to vibrate to many and perhaps all dif- 
ferent sounds, each sound entering the membrane, and, because 
it is in unison, causing it to vibrate. 

A description of Konig's Manometric flames follows : 

Konig's method consists in transmitting sound to gas flames, which, 
by their pulsations, indicate the nature of the sounds. For this pur- 
pose a metal capsule, represented in section at A, fig. 6, is divided into 
two compartments by a thin membrane of caoutchouc ; on the right of 
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the figure is a gas jet, and below it a tube conveying coal gas ; on the 
left is a tubulure, to which may be attached a caoutchouc tube. The 
other end of this may be placed at the node of an organ pipe, or it ter- 



Fig. 6. 
nunates in a mouth-piece in front of which a given note may be sung : 
this is the arrangement represented in fig. 6. 



Fig. 7. 

"When the sound enters the capsule by the mouthpiece and the 

tube, the membrane yielding to its vibrating action, the coal gas in 

compartment on the right is alternately contracted and expanded, and 
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hence are produced alternations in the length of the flame, which are, 
however, scarcely perceptible when the flame is observed directly. But 



Fig. 8. 
to render them distinct they are received on a mirror with four faces, 
M, which may be turned by two cog-wheels and a handle. As long as 
the flame burns steadily, there appears in the mirror, when turned, a 



Fig. 9. 
continuous band of light. But, if the capsule is connected H-ith a. 
sounding-tube yielding the fundamental note, the image of the flame 
Ukes the form represented in fig. 7, and that of figure 8 if the sound 



Fig. to. 
yields the octave. If the sounds reach the capsule simultaneously, the 
flame has the appearance of fig. 9 ; in that case, however, the tube 
leading to the capsule must be connected by a T-pipe with two sound- 
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ing-tubes, one giving the fundamental note, and the other the octave. 
If one gives the fundamental note and the other the third, the flame 
has the appearance of figure 10. 



Fig. .1. 
If the vowel E be sung in front or the mouthpiece, first upon 1 
and then upon c', the minor gives the flames represented in iigs. i 
and i2."* 



Fig. II. 
From the foregoing it will be perceived, that each different 
Sound produces a different movement in the body it is in. 

* The above u given nuunljr in Guiot's language, entirely ta in the lost part where 
Sound is called Sound. 
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xm. 

NDER Reflection of Sound, Ganot says: 



" So long as sound-waves are not obstructed in their motion they 
are propagated in the form of concentric spheres ; but when they meet 
with an obstacle they follow the general law of elastic bodies ; that is, 
they return upon themselves, forming new concentric waves, which seem 
to emanate from a second centre on the other side of the obstacle. 
This phenomenon constitutes the reflection of sound." 

This IS all the purest nonsense. Reflection of any kind of a 
wave made from a mobile fluid so as to preserve its form is 
inconceivable. The necessity of it is enough to demolish this 
theory, and should have prevented anyone from ever accepting 
it Air never reflects under such conditions. Because of its 
mobility the most it can do is to return to those spaces which 
the impelling body leaves behind it. Mr. Airy at one time 
Astronomer Royal of England, says in the ** London, Edin- 
burgh and Dublin Philosophical Magazine," vol. 33, page 404: 

" I have never been able to observe the smallest trace of reflected 
wave from a surf, although at the same time I am utterly unable to ac- 
count for the disposal of the vis viva. 

" .\ broken-headed sea is not reflected by a vertical pier. When a 
broken- headed sea strikes a pier perpendicularly, it is thrown upwards ; 
when it strikes obliquely, it is partly thrown upwards and partly it runs 
horizontally along the face of the pier. In neither case is there any 



THE NEW PHYSICS lOI 

reflection of the broken-head, or any creation of a broken wave travel- 
ing in the opposite direction, although the swell is reflected according 
to the usually understood laws." 

The reflection of the sound is complete, but it is the reflec- 
tion of particles of matter, made so that they can reflect, and 
this reflection, which includes echoes, is a beautiful addition 
to the principle of Sound. 

Sir J. F. W. Herschel says : 

" When Sound in the course of its propagation meets with an obstacle 
of sufficient extent and regularity it is reflected, producing the phenom- 
enon we call Echo. A wall, the side of a house, or the surface of a 
rock, the ceiling, floor, and walls of an apartment, the vaulted roof of 
a church, all under proper circumstances, give rise to Echoes more or 
less audible. The reflected Sound meeting another such obstacle is again 
reflected, and thus the Echo may be repeated many times in succes- 
sion, becoming however fainter at each repetition until it dies away 
altogether." 

Of Refraction of Sound, Ganot says : 

" It will be found afterwards that refraction is the change of direc- 
tion which light and heat experience on passing from one medium 
to another. It has been shown by Hajech that the laws of the 
refraction of sound are the same as those for light and heat : he used 
tubes filled with various gases and liquids, and closed by membranes : 
the membrane at one end was at right angles to the axis of the tube, 
while the other made an angle with it. When these tubes were placed 
in an aperture in the wall between two rooms, a sound produced in 
front of the tube in one room, that of a tuning-fork for instance, was 
heard in directions in the other varying with the inclination of the 
second membrane, and with the nature of the substance with which 
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thr tiit>c w.iH filled. Accurate measurements showed that the law heli 
that th(* sines of the angle of incidence and of refraction are in a con 
Ntant ratio, and that this ratio is e(iual to that of the velocity of sounc^ 
in the two media. 

** Thus tlie velocity of sound in water is not very different from th 
in lu'drogen, and they produce deviations which are nearly equal. 

••Siwdhauss (^onfirmed the analogy of the refraction of sound to thos- ^ 
of liglU and luMt. He constructed lenses of gas by cutting equal seg^^ 
mcuts out of a liree colodion balloon, and fastening them on the tw> -; 
«idos of a shoot-iron ring a foot in diameter, so as to form a double cor-» 
vc\ Ions aUmt 4 inches thick in the centre (fig. 13). This was fiile 
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sound-waves could neither refract or reflect, but sound particles 
are wonderfully adapted to do both ; and the above experiments 
demonstrate, in addition, that Sound, Heat and Light are all 
similarly made. It may be seen here that Ganot uses the word 
"sound-wave" but once, to "sound" eight times. 

Von Helmholtz's analysis of Sound is thus spoken of: 
" For the purpose of experimentally proving the presence of the har- 
monics as distinct tones, Von Helmholtz devised an instniment which 
he called a resonance-globe. The use of this apparatus may be illus- 
trated by the following experiment: — If an empty glass ^linder be 
taken, and a vibrating tuning-fork be held over the month of the vessel, 
the air will not be set in vibration unless it be of a certain definite length. 
Now,by pouring in water we can regulate the length of the column of air, 
and by trial can hit off the exact length ; when this is attained (he note 
of the tuning-fork will be heard to be powerfully reinforced. A 
resonance-globe fig. 14 is a glass or brass globe tuned to a particular note 



r\g. 14. Fig. 15. 

furnished with two openings, one of which, a is turned towards the 
origin of the sound, and the other, b, by means of an india-rubber tube, 
is applied to the ear. If the note proper to the resonance-globe exists 
among the harmonics of the compound note that is sounded, it is 
strengthened by the globe, and thereby rendered distinctly audible. 
Further, other things being the same, the note proper to a given globe 
depends on the diameter of the globe and that of the uncovered open- 
ing. Consequently, by means of a series of such globes, the whole 
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series of hannonics in a given compound tone can be rendered dis> 
tinctly audible, and their existence put beyond a doubt. 

" Konig, the eminent acoustical- instrament maker, has made an im- 
portant modification in the resonance-globe, to which he has given the 
form represented in fig. 15. The resonator is cylindrical, and the end 
which receives the sound can be drawn out, so that the volume may be 
increased at pleasure. As the sound thereby becomes deeper, the same 
resonator may be tuned to a variety of notes." 



Fig. 16. 
Both of these instruments operate through the principle of 
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unison vibration. Columns of air are made, which can be thrown 
into vibration, and are thrown into vibration by Sound. 

This principle of unison vibration is again illustrated by 
Konig's apparatus for the analysis of Sound, described as 
follows : 

"As the successive application to the ear of various resonators is 
both slow and tedious, Konig devised a remarkable apparatus in which 
a series of resonators act on manometric flames [page 96] ; the 
sounds thus, as it were, become visible and may be shown to a large 
auditory. 

"It consists of an iron frame (fig. 16), on which are fixed in two 
parallel lines fourteen resonators tuned so as to give the notes from F^ 
to r" — that is to say, three octaves and a half ; or notes of which the 
highest give the lower harmonics of the primary. On the right is a 
chamber, C, which is supplied with coal gas by the caoutchouc tube 
D, and on which are placed eight gas-jets, each provided with a mano- 
metric capsule [page 96]. Each jet is connected with the chamber C by 
a special caoutchouc tube, while behind the apparatus a second tube 
connects the same jet to one of the resonators. On the right of the 
jets is a system of rotating mirrors identical with that described on 
page 97. 

" These details being understood, suppose the largest resonator on 
the right tuned to resound with the note i, and seven others with the 
harmonics of this note. Let the sound i be produced in part of this 
apparatus ; if it is simple, the lower resonator alone answers, and the 
corresfKjnding flame is alone dentated ; but if the fundamental note is 
accompanied by one or more of its harmonics, the corresponding re- 
sonators speak at the same time, which is recognized by the dentation 
of their flames; and thus the constituents of each sound may be 
detected." 
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"Synthesis of sounds. — Not only did Von Helmholtz sncceed in 
decomposing sounds into their constituents ; he also verified the results 
of bis analysis by performiag the reverse operation, the synthesis; 
that is, he reproduced a given sound by combining the individual 
soimds of nhich his resonators had shown that it was composed. The 
apparatus which he used for this purpose consists of eleven tuning- 
forks, the first of which yields the fundamental note of z$6 vibTations, 
or C, nine others its harmonics, while the eleventh serves as make and 
break to cause the tuning-forks to vibrate by means of electro- magnets. 
Each tuning-fork has a special electro- magnet, and moreover a re- 
sonator, which strengthens it. 



Fig. 17. 
'■All these tuning-forks and their accessories are arranged in parallel 
lines of five (fig. 17). the first comprising the fundamental note and 
its nne\-en harmonics, 3, 5, 7, and 9 ; the second the even harmonics, 
3, 4, 6. S. and 10 ; beyond, there is the tuning-fork break, K, arranged 
horiiontaUy. One of its prongs is provided with a platinum point 
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which grazes the surface of mercury contained in a small cup, the bot- 
tom of which is connected by a copper wire with an electro- magnet 
placed in front of the fork. 

" The apparatus being thus arranged, a wire from a voltaic battery is 
connected with the binding-screw, e, and this with the electro-magnet, 
E ; which in turn is connected with those of the nine following tuning- 
forks, and then with the fork, K, itself. So long as the latter does 
not vibrate the current does not pass, for the platinum point does not 
dip in the mercury cup which is connected with the other pole of the 
battery. But when the fork is made to vibrate by means of a bow, the 



Fig. 18. 
current passes. Owing to their elasticity, the limbs of the tuning-fork 
soon revert to their original position, the point is no longer in the mer- 
cury, the current is broken, and so on at each double vibration of the 
fork. The intermittence of the current being transmitted to all the 
other electro- magnets, they are alternately active and inactive. Hence 
they communicate 10 all the forks by their attraction the same number 
of vibrations. This is the case with the fork i, which is tuned in unison 
with the forkbreak ; but the fork 3, being tuned to make three times 
as many vibrations, makes three vibrations at each break of the cur- 
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rent ; that is to say, the electro-magnet only attracts it at every third 
vibration ; in like manner, fork 5 only receives a fresh impulse every 
five vibrations, and so on. 

" The following is the working of the apparatus : — The resonator of 
each tuning-fork may be closed by a disc, O (fig. 18), so that the 
sound made by it is scarcely perceptible when the disc is lowered- 
Each disc is fixed on the end of a bent lever, the shorter arm of which 
is worked by a cord, a, which is connected with one of the keys of a 
keyboard placed in front of the apparatus (fig. 17). When a key is 
depressed, the cord moves the lever, which raises the clapper, and the 
resonator then acts by strengthening its fork. Hence by depressing 
a special key we may add to the fundamental sounds any of the nine 
primary harmonics, and thus reproduce the sounds, the compyosition of 
which has been determined by analysis. Thus by depressing all the 
keys at once we obtain the sound of an open pipe in unison with 
the deepest tuning-fork. By depressing the key of the fundamental 
note and those of its uneven harmonics, we obtain the sound of a 
closed pipe.'* 

Referring to the Results of Von Helmholtz's researches. — 
Ganot says further: 

" By both his analytical and synthetical investigations into sounds of 
the most varied kinds — those from various musical instruments, the 
human voice, and even noises — ^von Helmholtz fully succeeded in ex- 
plaining the different timbre or quality of sounds. It is due to the 
different intensities of the harmonics which accompany the primary 
tones of these sounds. The leading results of these researches into 
the colour of sounds mav be thus stated : — 

"Simple sounds, as those produced by a tuning-fork with a resonance- 
box, and by wide covered pipes, are soft and agreeable, without any 
roughness, but weak, and in the deeper notes dull. 
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" Musical sounds accompanied by a series of harmonics, say up to 
the sixth, in moderate strength, are full and rich. In comparison with 
ample tones they are grander and more sonorous. Such are the 
sounds of open organ-pipes, of the pianoforte, etc. 

" If only the uneven harmonics are present, as in the case of narrow 
stopped pipes, of pianoforte strings struck in the middle, &c., the 
sound becomes indistinct ; and, when a. greater number of harmonics 
is audible, the sound acquires a nasal character, 

" If the harmonics beyond the sixth and seventh are very distinct, 
the sound becomes sharp and rough. If less strong, the harmonics are 
not prejudicial to the musical usefulness of the notes. On the con- 
trary, they are useful as imparting character and expression to the music 
Of this kind are most stringed instruments, and most pipes furnished 
with tongues, &c. Sounds in which harmonics arc particularly strong 
acquire thereby a peculiarly penetrating character; such are those 
yielded by brass instruments. 

Production of vocal sounds — " The treackea or windpipe is a tube 
which terminates at one end in the lungs, and at the other in the 



Fig. 19. 
larynx, which is the true organ of vocal sound. Fig, 19 represents a 
horizontal section of this organ. It consists of a number of cartilagin- 
ous structures, bb, which arc connected by various muscles, by which 
great variety and control in the motions are atuinable. These mus- 
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cles are connected with, and move, two elastic membranes or bands 
with broad bases fixed to the larynx, and with sharp edges, cc \ these 
are called the vocal cords. According to the pressure of the muscles, 
these cords are more or less tightly stretched, and the space between 
them, the vocal slit, is narrower or wider accordingly. In ordinary 
breathing, air passes through the triangular aperture o ; but when in 
singing this is closed, the vocal cords are stretched and are put in vibra- 
tion by the current of air, and produce tones which are higher the more 
tightly the cords are stretched and the narrower is the vocal slit. 
These changes can be effected with surprising rapidit}', so that in this 
respect the human voice far exceeds anything that can be made arti- 
ficially. 

" The notes produced by men are deeper than those of women or 
boys, because in them the larynx is longer and the vocal cords larger 
and thicker ; hence, though equally elastic, they vibrate less swiftly. 
The vocal cords are i8 mm. long in men, and 12 mm. long in women. 
Chest notes are due to the fact that the whole membrane vibrates, while 
the falsetto is produced by a vibration of the extreme edges only. The 
ordinary compass of the voice is within two octaves, though this is ex- 
ceeded by some celebrated singers. Catalini, for instance, is said to 
have had a range of 3 J octaves. , 

" To form a given vowel sound one or more characteristic notes 
which are always the same must be added. These change with the 
syllable pronounced, but depend neither on the height of the note, nor 
on the person who emits them. 

" The sound of the human voice is very complex and rich in har- 
monics, for the mouth and the various cavities opening into the mouth 
act as resonators ; as the note changes with their extent, with the de- 
gree to which the mouth is opened and the shape given to it, certain 
harmonics are strengthened or not, and thus the voice acquires a dif- 
ferent timbre. 
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Perception of sounds. The ear — " The organ of hearing in man 
consists of several structures ; there is first the outer ear (fig. »o) by 
which the sound is collected and transmitted through the auditory pas- 
sage, a, to the t/rum or tympanum, t. This is a delicate tightly stretched 
membrane or skin which separates the outer ear from the middle 
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ear or tympanU catnty, which is a cavity in the temporal bone in which 
are several bones whose dimensions are considerably exaggerated in 
the figure. One of these, the hammer d, is attached at one end to the 
drum, and at the other is jointed to the anvil, e ; the latter is connect- 
ed by means of the stirrup bone, f, to the oiml window, an aperture 
closed by a fine membrane, which separates the tympanic cavity from 
the labyrinth. The tympanic cavity is also connected by the Eusta- 
chian tube, b, with the cavity of the mouth, so that the air in it is always 
under the same pressure. 

" The labyrinth is a complicated structure filled with fluid ; it is en- 
tiiely of bone, with the exception of the oval window already mentioned 
and the round window, o. The labyrinth consists of three parts: 
the vestibule, which is closed by the oval window ; the three semicir- 
cular canab, k; and the spiral-shaped cochlea, or snail shell, s. This is 
separated thiotighout its entire length by a division partly of bony pro- 
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jection and partly of membrane ; the upper part of this division is con- 
nected with the vestibule, and therefore with the oval window, while 
the lower part is connected with the round window. In the labyrinthine 
fluid of this part the termination of the auditory nerve is spread, the 
other end leading to the brain. 

" The membranous part of this diaphragm is lined with about 3,000 
extremely minute fibres, which are the terminations of the acoustic 
nerve, //. Each of these, which are called Cort'Cs fibres^ seems to be 
tuned for a particular note as if it was a small resonator. Thus when 
the vibrations of any particular note reach these fibres, through the in- 
tervention of the stirrup bone and the fluid of the labyrinth, one fibre 
or set of fibres only vibrate in unison with this note, and is deaf for all 
others. Hence each simple note causes only one fibre to vibrate, while 
compound notes cause several ; just as when we sing with a piano only 
the fundamental note and its harmonics vibrate. Thus, however com- 
plex external sounds may be, these microscopic fibres can analyse 
them and reveal the constituents of which they are formed." 

Let the crude idea of air being intimately connected with 
Sound, except as a medium to carry it, be eliminated from the 
science, there remains a clear, beautiful theory which reflects 
great honor upon those gentlemen who have thoroughly and 
most successfully worked out these difficult parts of it. Unfor- 
tunately the stupidity connected with the undulatory depart- 
ment has prevented nearly all from realizing the wonderful 
beauty and marvelous skill in which the system is designed. 
Probably the sensation of Light is the most wonderful sensation 
of all in which man is directly interested. But, whilst now a 
clear glimpse is had of Sound, as yet we have no such of Light. 

Here, too, we will hope that, the undulatory system being 
abandoned and the corpuscular one as worked out by Sir Isaac 
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Newton again accepted, there will follow an exposition on Light 
even more beautiful, and equally complete with that of Sound. 
But in doing this the New Physics will have to be recognized 
in the nature of motion — that it is matter in motion, and as 
such is introduced into bodies, similarly to other matter, in such 
manner and at such times as it may be wanted. Sound, which 
is the result of disturbance, illustrates this very fully ; and, arti- 
ficially, fire works would appear to do the same. 
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XIV. 

IN an article upon Sound, published in the Rees* Cyclopaedia 
1802-19, we find: 

" To explain this [the vibration of musical bodies] all sensible bodies 
are supposed to consist of a number of small and insensible parts or cor- 
puscles, which are of the same nature in all bodies, and are perfectly 
hard and incompressible.* 

" Of these are composed others, somewhat greater, but still insensi- 
ble ; and these different, according to the different figures and union of 
their component parts. These, again, constitute other masses^ bigger 
and more different than the former ; and of the various combinations of 
these last, are those gross bodies composed that are visible, tangible, 
&c. The first and smallest parts, we have observed, are absolutely hard ; 
the others are compressible, and are united in such manner, that, being 
compressed by an external impulse, they have an elastic or restitutive 
power, by which they restore themselves to their natural state. 

" A shock, then, being made by one body upon another, the small 
particles, by their elastic principle, move to and again with a very great 
velocity, in a tremulous, undulating manner, somewhat like the visible 
motions of grosser springs ; as we easily observe in the strings of musi- 
cal instruments. And this is what we may call the sonorous motion^ 
which is propagated to the ear ; but observe, that it is the insensible 
motion of those particles next the smallest, which is supposed to be the 
immediate cause of sound ; and, of these only those next the surface 



♦ Sir H. F. W. Herschel who accepts the above hypothesis to explain the visible 
vibration of musical bodies, adds : " The molecules of fluids are capable of displace- 
ment between themselves. Those of solids, on the other hand, are subjected to the 
condition of never changing their order of arrangement." 
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communicate with the air, the motion of the whole, or of the greater 
parts, being no farther concerned, than as they contribute to each 
other. 

" To apply this theory, strike a bell with any hard body, and you 
easily perceive a sensible tremor on the surface, spreading itself ovei 
the whole, and that more sensibly as the shock is greater. Upon 
touching it in any part, the motion and the sound too are stopped. 
Now this is apparently a motion of the small and insensible parts, 
changing their situation, with respect to one another ; which being so 
many, and so closely united, we cannot perceive their motions sepa- 
rately and distinctly ; but only a trembling which we reckon to be the 
effect of the confusion of an infinite number of little particles, closely 
joined, and only moving in infinitely little lines. 

" M. Perrault adds, that the visible motion of the parts contributes 
not otherwise to sound, than as it causes the invisible motion of the 
smaller parts, which he calls particlesy to distinguish them from the 
sensible ones, which he calls parts ^ and from the smallest of all, which 
we call corpuscles,^* 

Here is the ground work of this theory, so far as it refers 
to vibration, the author being honest enough to remind us 
several times that the whole thing is an hypothesis, or rather 
a series of hypotheses. But an hypothesis is at the best only 
an opinion, which Socrates tersely declared as " bad all." These 
certainly are particularly bad, being used to explain a thing 
which readily explains itself — the visible oscillations of musical 
instruments. But it is the one upon which this theory rests to- 
day, and similar hypotheses enter into other parts of science. 

It is in such cases that the destructive force of hypotheses 
may be seen, for soon they are stated as facts, thus accepted, 
and sometimes prevent the discovery of a simple and perhaps 
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very important truth for many centuries. Certainly Faraday's 
eloquent period against their use couldn't be too strong. For 
to them are due nearly all the blunders, exposed and un- 
exposed, that so greatly mar science, reducing its usefulness 
to a minimum, and indeed frequently for years, and sometimes 
almost ages, preventing discovery of truth. 

Such hypotheses answer commercial purposes in advancing 
the interests of teachers, and increasing the sale of text-books; 
and therefore is it, whether recognized or not, that they are 
permitted to remain. 

We find two articles in the London Encyclopaedia, edition 
published 1827, quite remarkable as throwing much light upon 
the earlier theories in regard to Sound, and the gradual adop- 
tion of the undulatory theory, but only after very determined 
opposition to it by many. 

The first article is under Acoustics in Vol. I., and the last 
article under Sound in Vol. XX. The name of the author does 
not appear, but he is evidently an honest man and an able one. 

These articles will be found in part in the Preface of this book. 
The conclusion of the first article is as follows : 

" That air is the principal vehicle of sound is universally allowed ; 
and, that without the medium of it, or some other fluid, we should or- 
dinarily have no sounds at all, is proved by the experiment of a recei- 
ver, exhausted of its air, in an air-pump, when a bell, rung in the 
vacuum, makes no sound whatever : the fact is also now confirmed, that 
the force of the pulsations depend considerably upon the degree of 
density, or rarefaction of the air. Dr. Priestley, to ascertain whether 
the intensity of sound is affected by any other property of the air be- 
sides its density, provided an apparatus, with which he performed sev- 
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eral experimentSy and at last came to the conclusion that the intensity 
of sound depends solely upon the density of the surrounding air, and 
not in any measure upon any chemical principle in its constitution. 
In inflammable air of ten times the rarefaction of common air, the bell 
could be scarcely heard. In fixed air, the soimd could be heard about 
half as far again as in common air, owing to the superior density of that 
air. In dephlogisticated air, the sound was sensibly louder than com- 
mon air. Mr. Hauksbee, also made many experiments of a similar na- 
ture, in air of different degrees of condensation, in the course of 
which, a bell was heard at the distance of thirty yards in common air, 
at sixty with the force of two atmospheres, and as far as ninety with 
the force of three. (Philosophical Transactions, 1709, xxiv. 1904, xxvi. 

367,371)-" 

The following is from the article on Sound in Vol. XX., re- 
ferred to above : 

'' But in later times, during the ardent researches in the seventeenth 
century into the phenomena of nature, this became an interesting 
subject of enquiry. The invention of the air-pump gave the first op- 
|x>rtunity of deciding by experiment whether the elastic undulations 
of air were the causes of sound and the trial established this point ; for 
a bell rung in vacuo gave no sound, and one rung in condensed air 
gave a very loud one. It was therefore received as a doctrine in gen- 
eral physics that air was the vehicle of sound." 

It is evident to any one that this experiment warranted no 
such conclusion. It might mean that some substantial medium 
was necessary for the transmission of Sound, or that air was im- 
portant in its manufacture, or both. See experiments by Hauks- 

bee, pages — 66, 71. 

«'« « « ♦ « « « 

** Many experiments are mentioned by Kircher and others on the 
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communication of sound through solid bodies, such as masts, 3rard8, 
and other long beams of dry fir, with similar results. Dr. Monro has 
published a particular account of very curious experiments on the pro- 
pagation of sound through water, in his Dissertation on the Physiology 
of Fishes ; so that it now appears that air is by no means the only vehi- 
cle of sound. In 1760 Cotimni published his important discovery that 
the labyrinth or inmost cavity of the ear in animals is completely filled 
with water. This, after some contest, has been completely demons- 
trated (see Meckle Junior de Labyrinthi Auris Contentis, Argentor, 17. 
77), and it seems now to be admitted by all. This being the case, 
our notions of the immediate cause of sound must imdergo a great rev- 
olution, and a new research must be made into the way in which the 
nerve is affected ; for it is not enough that we substitute the imdulations 
of water for those of air in the labyrinth. The well informed mechani- 
cian will see at once, that the vivacity of the agitations of the nerve 
will be greatly increased by this substitution ; for if water be perfectly 
elastic, through the whole extent of the undulatory agitation which it re- 
ceives, its effect will be greater in proportion to its specific gravity : 
and this is confirmed by an experiment very easily made. Immerse a 
table bell in water contained in a large thin glass vessel. Strike it with 
a hammer. The sound will be heard as if the bell had been imme- 
diately struck on the sides of the vessel. The filling of the labyrinth 
of the ear with water is therefore an additional mark of the great wisdom 
of the Great Artist. But this is not enough for informing us concern- 
ing the ultimate mechanical event in the process of hearing. The 
manner in which the nerve is exposed to these undulations must be 
totally different from what was formerly imagined. The filaments and 
membranes which have been described by former anatomists must 
have been found by them in a state quite unlike to their situation and 
condition in the living animal. Accordingly the most eminent anato- 
mists of Europe seem at present in great uncertainty as to the state of 
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the auditory nerve, and are keenly occupied in observations to this pur- 
pose. The descriptions given by Monro, Scarpa, Camper, Comparetti, 
and others, are full of most curious discoveries, which make almost a 
total change in our notions of this subject, and will, we hope, be pro- 
ductive of most valuable information. Scarpa has discovered that the 
solid cavity called the labyrinth, contains a threefold expansion of the 
auditory nerve. One part of it, the cochlea, contains it in a fibrinous 
state, ramified in a most symmetrical manner through the whole of the 
zona molis of the lamina spiralis, where it anastomoses with another 
production of it diffused over the general lining of that cavity. Another 
department of the nerve, also in a fibrous state, is spread over the ex- 
ternal surface of a membranaceous bag, which nearly fills that part of 
the vestibule into which the semicircular canals open, and also that 
orifice which receives the impressions^ of the stapes. This bag sends 
off tubular membranaceous ducts, which, in like manner, nearly fill 
these semi-circular canals. A third department of the nerve is spread 
over the external surface of another membranaceous bag, which lies be- 
tween the one just now mentioned and the cochlea, but, having no 
communication with either, almost completely filling the remainder of 
the vestibule. Thus the vestibule and canals seem only a case for pro- 
tecting this sensitive membranaceous vessel, which is almost but not al- 
together in contact with the osseous case, being separated by a delicate 
and almost fluid cellular substance. The fibrillous expansion of the 
nerve is not indiscriminately diffused over the surface of these sacculi, 
but evidently directed to certain foci, where the fibres are constipated. 
And this is the last appearance of the fibrous state of the nerve ; for, 
when the inside of these sacculi is inspected, no fibres appear, but a 
pulp (judged to be nervous from its similarity to other pulpy produc- 
tions of the brain) adhering to the membranaceous coat, and not sep- 
arable from it by gently washing it. It is more abundant, that is of 
greater thickness, opposite to the external fibrous foci. No organical 
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Structure could be discovered in this pulp, but it probably is organised ; 
for, besides this adhering pulp, the water in the sacculi was observed to 
be clammy or mucous ; so that in all probability the vascular or fibrous 
state of the nerve is succeeded by an uninterrupted production (per- 
haps columnar like basalt, though not cohering) ; and this at last ends 
in simple dissemination, symmetrical, however, where water and nerve 
are alternate in every direction. To these observations of Scarpa, Com- 
paretti adds the curious circumstances of another and regular t3rmpanum 
in the foramen rotundum, the cylindric cavity of which is enclosed at 
both ends by a fine membrane. The membrane which separates it from 
the cochlea appears to be in a state of variable tension, being drawn up 
to an umbo by a cartilaginous speck in its middle, which he thinks 
adheres to the lamina spiralis, and thus senses to strain the drumhead 
as the malleus strains the great membrane known to all. These are 
most important observations, and must greatly excite the curiosity of a 
truly philosophical mind, and deserve the most careful enquiry into 
their justness. If these are accurate descriptions of the organ, they 
seem to conduct us farther into the secrets of nature than any thing 
yet known. They promise to give us the greatest step yet made in 
physiology, viz. to show us the last mechanical fact which occurs in the 
long train interposed between the external body and the incitement of 
our sensitive system." 
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XV. 

WE will now examine two or three other books of Physics, 
and first that of Prof. Silliman formerly of Yale College. 
Mr. Silliman introduces his section on Acoustics as follows : 

ACOUSTICS. 

I . Production and Propagation of Sound, 

<< Acoustics. — Sound. — Acoustics teaches the science of sounds^ 
their cause, nature and phenomena. Sound, is the impression pro- 
duced on the sense of hearing by the vibration of sonorous bodies. 
These vibrations are transmitted to the ear by the surrounding medium, 
which is ordinarily the atmospheric air. 

<< Sound a sensation. — It will be understood, therefore, that all 
sound, whether unmusical, like mere noise, or musical, like what is 
technically called a tone (a sound of definite and appreciable pitch), is 
a sensation ; and the causes which produce this sensation may exist 
without the sensation itself — that is, without sound. The cause of 
sound being atmospheric vibration, if there be no delicately constructed 
organ, like the ear, to receive the impression of this vibration, there 
is no sound. It would follow, that even at the Falls of Niagara, if there 
was no ear present to receive the impression, those gigantic vibrations, 
would exist only as such — without sound." 

The first sentence says that acoustics teaches the science 
of sounds, their cause, nature and phenomena. 

Substituting for sounds in this sentence its definition in the 
next, we have : 
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Acoustics teaches the science of the impression produced on 
the sense of hearing by the vibrations of sonorous bodies. 
Webster says : 

<* Acoustics. — n, sing [fr. Acoustique], The science of sounds, 
teaching their nature phenomena and laws. 

"This science is, by some writers, divided into diacoustics which ex- 
plains the properties of sounds, coming directly from the sonorous body 
to the ear ; and catacoustics^ which treats of reflected sounds." 

Transposing again, Webster's definition of Acoustics be- 
comes : 

" The Science of the impressions produced in the sense of hearing 
by vibrations of sonorous bodies, teaching their nature, phenomena 
and laws : 

" This science is by some writers divided into diacoustics^ which ex- 
plains the properties of the impressions produced upon the sense of 
hearing by the vibrations of sonorous bodies, coming directly from the 
sonorous body to the ear ; and catacoustics, which treats of reflected 
impressions produced on the sense of hearing by the vibrations of 
sonorous bodies." 

This certainly is a little mixed. 
Book V. of Ganot begins : 

ACOUSTICS. 

Production, Propagation and Reflection of Sound. 

219. ''Sound is a peculiar sensation excited in the organ of hearing 
by the vibratory motion of bodies, when the motion is transmitted to 
the ear through an elastic medium." 

222. ''Sound is also propagated in liquids. When two bodies strike 
against each other under water the shock is directly heard." 
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Substituting for Sound in 222 the definition given in 219 we 
liave: 

*'The peculiar sensation excited in the organ of hearing by the vibra- 
tory motion of bodies, when this motion is transmitted to tlie ear 
through an elastic medium is also propagated in liquids. '* 

This, too, would appear to be considerably complicated. 
Making the same substitution in article 224 we have : 

" The intensity of the peculiar sensation excited in the organ of hear- 
ing by the vibratory motion of bodies when this motion is transmitted 
to the ear through an elastic medium, is inversely as the square of the 
distance of the sonorous body from the ear." 

Substituting again in article 232, "Velocity of sounds in 
liquids and in solids," we have : 

"The velocity of the peculiar sensation excited in the organ of hear- 
ing by the vibratory motion of bodies when this motion is transmitted 
to the ear through an elastic medium, in water, was investigated in 18- 
27, by Colladon & Sturm and found to be 4708 feet in a second at the 
temperature 81°, or four times as great as in air." 

It begins to appear that the definitions of Sound given by 
either Mr. Silliman or Ganot at the beginning of their essay 
will not hold water. And this will become more and more evi- 
dent as we proceed. It would be very difficult to reflect, or re- 
fract the peculiar sensation excited in the organ of hearing etc., 
as Sound is defined by Mr. Ganot; or, **The impression pro- 
duced on the sense of hearing by the vibration of sonorous 
bodies," as defined by Mr. Silliman. 

And it is evident that Sound, in all ordinary or correct use of 
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the word, has nothing to do with any sensation in the organ of 
hearing, except to make it. 

This double definition of Sound is a gross blunder. To 
illustrate its absurdity, we will suppose the vibrations referred 
to, to be those of a tuning-fork. This sentence might then read, 
'• Sound is the impression produced on the sense of hearing by 
the vibrations of a tuning fork. These vibrations are transmitted 
to the ear by the surrounding medium, etc. " 

What is meant by these vibrations? The particular vibra- 
tions of the tuning-fork certainly are not transmitted to the ear, 
nor, according to the undulatory theor>% are there any similar 
vibrations of air transmitted, if that was what was meant. For 
the vibrations of the fork are veritable vibrations to and fro ^nth 
quite a limited extension that decreases with absolute regularity 
in each direction till it stops. 

But the hypothetical air waves selected by the scientists to 
represent these have various length, as the text-books tell us, 
from a few inches, more or less, to over i lOO feet Thus in air, 

a C.-3 fork is 70 feet 
which in C.-2 ** 35 " 

In certain other substances this would be increased over 16 
times. 

Waves of this magnitude supposing them to exist, have no 
resemblance whatever to the vibration of a tuning-fork, and 
therefore not only are the vibrations of the fork not transmitted, 
but nothing in the slightest resembling them. 

Probably no philosopher ever placed a more ridiculous state- 
ment in a book, than that of Mr. Silliman's that if there was no 
ear there would be no Sound. This difficulty is in the definition 
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of the word Sound ; in trying to make it conform to the incon- 
ceivably stupid so-called air wave or undulatory theory. 

The thing which Mr. Silliman defines as Sound is the sensa- 
tion of hearing, which is not Sound but caused by Sound. The 
word Sound has already been preempted to mean that which 
produces the sensation of hearing, and no one is justified to as- 
sume for it any different meaning. Driven to apply the word 
to hypothetical air waves, something self-evidently impossible, 
a custom has sprung up of using it for the sensation of hearing, 
which simply makes a bad matter worse. 

Sound is the substance designed by the laws of God to affect 
mind so as to produce the sensation of hearing. It is made 
by shock or collision of bodies, and consists of infinitesimal 
particles of electrical matter, which being endowed with a princi- 
ple of motion, dissipate in the atmosphere somewhat similar to 
a mist or cloud, only they are invisible, and entering the ears of 
all animals in their path are thus transmitted to the mind through 
machinery of the interior ear, acting by the principle of unison 
vibration. 

We have spoken of mist or cloud because the whole atmos- 
phere is pervaded with Sound,— every sound. And yet each 
individual sound, we presume, moves in straight lines. 

The sound is not a sensation but the cause of one. It 
doesn't depend in the slightest upon the existence of any ear, 
although it is intended to be correlated by an ear, and would 
be useless without one. 



« 



Full many a fk>wer is bom to blush unseen 
And waste its sweetness on the desert air." 
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But though Mr. SilHman dulled in introducing a second def- 
inition of sound entirely opposed to its usual one, the first 
paragraph in his book is one of the best definitions of matter, 
if not the best, we have ever seen, brief, accurate, and com- 
plete, and indeed the whole Introduction of the book, of which 
this is the beginning, is a marvel of sincere and accurate per- 
ception, so much so that we will conclude this chapter with its 
insertion. 

1. ** Hatter. — Matter is that which occupies space and is the ob- 
ject of sense. Our knowledge of the material world is founded upon 
experience, or the evidence of our senses ; and the conviction that the 
same causes will always produce the same effects. 

" A definite and limited portion of matter, whether it be a particle of 
dust or a planet, is called a fiotfy. The different kinds of matter, as 
water, marble gold, or diamond, are called substances. Numberless as 
are the various substances known to man, they are all composed of a 
limited number of simple bodies called elements, 

2. << Observation and experiment. — By observation we become 
acquainted with those changes, in the condition and relations of bodies, 
which occur spontaneously in the ordinary course of nature ; but the 
knowledge thus acquired is limited when compared with the results of 
ejiperiment. By use of proper apparatus we can repeat natural pheno- 
mena under varied conditions ; and, among all the attendant circum- 
stances, we can determine what are accidental, and what are essential 
to any given effect. 

<< Phenomena. — ^A phenomenon, in the sense in which this word is 
used in science, is any event taking place in the ordinary course of na- 
ture. Thus the changes of the seasons, the fall of rain or dew, the burn- 
ing of a fire, and the death of an animal, are more truly phenomena oi 
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nature than those more rare or alarming events to which in a vulgar 
sense this word is usually confined." 

3. <<LaWy Theoryi and Hypothesis. — In conducting an experi^ 
menty we are taught to trace with certainty the connection between dif- 
ferent phenomena ; to classify effects of the same kind and refer them 
to their common cause ; in fine, to deduce from many experiments the 
governing principle, or iaw of nature^ in obedience to which they arf 
produced, and to unite both facts and principles into a theory^ or com- 
prehensive view of the whole subject. Such theories are a fruitful 
source of new experiments and new discoveries. 

**The terms law^ theory ^ and hypothesis are often used interchangea- 
bly, and are all designed to express the various degrees of perfection 
attained in any department of human knowledge, towards the un- 
derstanding of the thoughts of God as expressed in the phenomena of 
the physical world. An hypothesis is a guess or assumption, designed 
to aid further investigation, and bears the same relation to a theory 01 
law as the scaffolding bears to the perfect building. A theory is the 
most perfect expression of ph)rsical truth, and is deduced from both 
laws and principles that have been established on independent testimony. 
"That a theory should rise to the highest expression of the laws of 
nature, it must account not only for all known phenomena falling under 
it, but for all possible cases with irregularities and variations. Thus the 
law of gravitation, as developed by Newton from terrestrial phenomena, 
has been foimd strictly universal in its application ; not only meeting 
all known facts in celestial mechanics, but, outstripping observation, it 
has foretold events which have been subsequently confirmed, or which 
it still requires centuries of years to verify.'' 

4. << Inductive Philosophy. — When the individual experience is 
enlarged by the experience of other inquirers and other times, and the 
combined knowledge of many is so arranged as to be comprehended by 
one, the system becomes a science or philosophy of nature. Because its 
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principles are founded upon a comparison and analysis of facts, a Sjrs- 
tern of this kind is also called Inductive Philosophy. 

" Inductive philosophy is of modem origin* Galileo (bom in 1564) was the first 
to commence a course of experimental researches; and Bacon (bom 1561), in his 
immortal work, Novum Organum, showed that this was the only road to an ac- 
curate knowledge of nature. The ancients were ignorant of the principles and 
methods of inductive science. Their explanations of natural phenomena were based 
on assumed c^}}se%\ they are therefore confused and contradictory, and often in direct 
opposition to experience. 

5. ** Force. — From the axiom that every event must have a cause, 
the mind naturally passes to the recognition of certain powers 01 forces 
in nature adequate to account for the observed phenomena. Thus we 
refer the fall of bodies to the earth to the force of gravitation — the 
strength of materials to the force of cohesive attraction — the directive 
power of the compass-needle to the earth's magnetism — the evaporation 
of water to the action of heat — the combustion of a fire to the action 
of oxygen on the elements of the fuel, or the force of chemical affinity. 

" Man exercising his volition walks, or strikes a blow — examples of 
the mysterious connection between spirit and matter, of the conscious 
exercise of mechanical force. By the use of a lever or screw he trans- 
mits or multiplies his force at will — by experiment he learns that he 
can also, by suitable appliances, call into action, where he pleases, cer- 
tain other forces, otherwise dormant, which he calls chcmicaiy 01 physi- 
calf according as they do, or do not, involve an essential change in the 
nature of the materials employed. Both his consciousness and experi- 
ence inform him that all these manifestations of force result from the 
voluntary but mysterious action of mind upon matter. He is thus led 
to the unavoidable conclusion that those great phenomena of nature, 
over which he has no control, must have their origin also in the voli- 
tions of a Supreme Ruler. Force and will thus become related 
terms, and we are compelled to regard the forces of nature, as they are 
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usually styled, as only the outward and visible manifestations of the 
mind of God. 

** In Physics the term force is often used for the unknown cause of a 
known effect 

6. « The properties of matter are general, or specific. — ^The at- 
tentive consideration of any sort of matter will show us the existence 
of two sorts of properties in it — namely, general properties and specific 
properties. Gold, for example, occupies space and possesses weight, but 
so also does all matter, whether solid, liquid, or gaseous ; these pro- 
perties are general. But gold has a peculiar color and lustre, is un- 
changeable by the action of causes which destroy the identity of nearly 
all other sorts of matter, has a definite and peculiar crystalline form, 
and weighs about nineteen times as much as a like bulk of water. 
These are qualities peculiar to gold, and by which we always recognize 
it. They are its specific properties. 

7« « The changes in matter are physical, or chemical. — ^Water 
is changed by heat to steam or vapor,by loss of heat (cold) it is reduced 
to a solid. By the ceaseless action of these natural causes, it perpet- 
ually changes its place and condition. It returns to the earth, from its 
distillation in the great alembic of the atmosphere, as dew, mist, rain, 
hail, or snow, and by gravity seeks to gain a place of rest in the great 
ocean* But in all its changes of state and j)Osition it is still the same 
substance. A bar of iron, by contact with a lodestone, acquires new 
properties, which we call magnetic, but its color, form, and weight re- 
main unchanged. A glass tube or plate of resin rubbed by dry silk or 
fur becomes electrical, in virtue of which property it will attract or repel 
light bodies. These changes, which do not destroy the specific iden- 
tity of the substance, are termed physical changes. 

" But in a damp atmosphere the iron bar is soon covered with rust, 
from the action of oxygen (one of the gases of the air) upon the iron. 
The same change follows the action of water alone. In this latter case 
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the water is decomposed, and with great activity if a dilute acid is 
present. The oxygen of the water combines with the iron, while the 
hydrogen escapes as a gas, and thus the specific identity of both sub- 
stances is destroyed. Such changes, destructive of specific identity^ are 
called chemical changes. 

8. « Physical and chemical properties of matter. — ^The chan- 
ges of matter just noticed correspond to its physical and chemical pro- 
perties. Gold possesses certain specific properties, depending solely on 
its physical qualities ; its density, lustre, color, form, malleability, and 
its high point of fusion, are all qualities of gold which can never be lost 
without an essential change of its nature, and are therefore termed 
physical properties. Exposed however to the action of chlorine and 
certain other agents, gold loses its specific identity, and becomes, as it 
were, a new substance, while the same change passes equally upon the 
agent by whose efficiency the transmutation is effected. Such changes 
of matter, involving an essential loss of specific identity, depend on the 
chemical properties of matter. 

9. Physics and Chemistry. — It is plain that the distinctions just 
pointed out are fundamental, in the nature of things, and that out of 
them spring two entirely distinct, although nearly related, branches of 
human knowledge, namely Physics and Chemistry ; the former is more 
frequently called, in this country Natural Philosophy ; a term too com- 
prehensive in its general significance for an exact definition. Now as 
all substances possess both physical and chemical properties, it is plain 
that a thorough knowledge of either branch involves some familiarity 
with the other. But the natural order of knowledge consists in obtain- 
ing first a familiarity with the general properties and laws of matter, 
and subsequently the specific properties. Ph3rsical knowledge therefore 
naturally precedes chemical. 

10. Vitality, or the principle of life, is recognized as a distinct 
force in nature, controlling both physical and chemical forces ; by its 
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action inanimate or unorganized matter is transformed into animate 
and organized existences. Thus, out of air, water, and a few mineral 
substances, all living forms, both animal and vegetable, are built up by 
the chemistry of life. After a life of definite duration, they die, and 
their structures dissolve again into the inanimate bodies out of which 
they grew. They are subject to the general laws of matter, but these 
laws are often modified, and sometimes directly opposed by the action 
of that unknown power which we call the principle of life. The descrip- 
tion of organized bodies constitutes the science of Natural History." 
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XVI. 

IT is very evident that this thing Sound is so closely connected 
^ with shock or disturbance as in some way to act as a picture 
or copy of it. It stays with it from start to finish, waits upon 
it and carries its messages, eclipsing all other travelers, at least 
ordinary ones, upon the same routes. And its routes are in all 
directions. 

Nor does it linger, but attends strictly to its duties until its 
messages are delivered, or until its three score years and ten 
being accomplished it falters in its path, and, its mission ended, 
dies. It is also evident that this copy, in whatever it may 
consist, is in some way transmitted through the air, entering the 
ear, any ear, as naturally as water enters a brook or river, and 
thus finds its way to the soul. 

Sound is then the copy of a disturbance, but it is evidently a 
very different phenomenon from vision, or that kind of picture 
or likeness which is produced upon the retina of the eye by 
light. And yet in many respects these phenomena are similar. 

When it is found that Sound is conveyed by many sub- 
stances far more swiftly than by air ; that it is invisible, and 
yet shows remarkable action when carried or conducted through 
solid bodies, — as for instance the rods used by Wheatstone to 
convey the sounds made by musical instruments, operating in 
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the basement of a building, through the floors to an upper room, 
where, by aid of a sounding-board, to which the sounds were 
thus conducted, he was enabled to give a concert, — ^we realize 
that Sound is a distinct substance or thing ; made in great 
quantities ; that it is invisible though its motion is plainly evident 
when conducted through many bodies; that it is what we 
would call infinitely small, although possessing a large amount 
of strength and action. 

As we have elsewhere proven in this book, it is made by 
shock. It is then corpuscular, composed, as innumerable other 
things of different sizes, from matter, undoubtedly by the usual 
law of its combination in different conditions and proportions ; 
one of these combining properties being motion. 

And it would appear that this power to recreate bodies, 
which will repeat sounds similar to themselves, depends upon 
the peculiar motion with which every sound is endowed. 

Because of this, given a substance in which it can impress 
its form in an enduring mould, new sounds therein, produced 
by shock, will duplicate those creating them. Under this rule 
there could be no sounds excepting similar sounds were pre- 
viously made. 

The more remarkable part of this phenomenon are the 
methods, as yet unknown, by which it reflects a disturbance, 
and affects the soul. 

Why should the same sound always suggest the same dis- 
turbance or cause? Often a person is recognized by his voice as 
quickly as, or quicker than, by his face. And the principle is 
general that anything which produces a sound, will, other things 
being equal, always produce a similar sound. 
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But this is a universal principle — the same cause, the same 
effect ; or, the same effect, the same cause. 

What is the cause and what the effect? 

A picture can be reduplicated by light and repeatedly so with 
a proper surface to reflect it. 

It would appear that Sound can be, if in any way a body 
is found having unison vibration with the body which made the 
sound. In such case, called consonance, there is no shock. 
Again, Sound may be repeated, as in a graphophone record; 
in this case shock — that of a reproducer — is necessary. 

It is certain that the sound, any sound, the same as any odor, 
would be repeated, if precisely the same particles of matter 
which composed the first sounds could be repeated. And it 
is certain that these could be repeated by the same body that 
made them, and therefore by any precisely similar body. 

In the case of the graphophone record we know it is not a 
precisely similar body ; and, therefore some body not precisely 
similar must be able to make precisely similar sounds, or very 
nearly so. 

And therefore, again, a whole body, that is, a body as a 
whole, is not engaged in the making of Sound, and possibly 
some parts of the body which are used might be supplied by 
other similar parts. 

In making lemonade the essential parts are the lemon, sugar 
and water. The glass or pitcher that it is mixed in, or spoon 
or ladle that stirs it, might be equally well supplied by other 
utensils. 

What then are the essential parts in the manufacture of 
sounds ? 
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Always first is shock, or disturbance. And this is always fol- 
lowed immediately in a musical instrument by the oscillatory 
motion, more or less evident, of the body struck. 

In most cases this Sound, as we have said, is instantly dis- 
sipated, the whole of it starting at once in its course through the 
atmosphere. That is, most bodies are not musical instruments ; 
have no arrangements for holding, and therefore are not able 
to hold, a supply of Sound, to be furnished as thought best, or 
as wanted. This is what every musical instrument to a greater 
or less extent can do, and what any other body except a musi- 
cal instrument cannot do. The average body when struck 
utters its normal sound at once, which generally, if not always, 
is a pretty plain one. Musical instruments, with their different 
methods of producing and delivering ^jsounds, are enabled to 
provide that assortment so useful and agreeable in the economy 
of nature, and to these are supplemented that other assortment 
which comes from incessant movement, as the melody of moun- 
tain streams, roar of the ocean, lakes, and waterfalls, whistling 
and sighing of the winds, pattering of raindrops, and the more 
vigorous music of storms. 

It would appear to be proven that Sound, whether made 
from the original cause of disturbance, or by the record of 
the graphophone, is composed of material existing in air, and 
most probably, like odors, of carbon, hydrogen and oxygen, 
with a certain amount of electricity. Its electrical character 
was demonstrated by Oersted nearly a hundred years ago. 

Exactly how the graphophone record is made, we do not 
know. We do know that it is made directly or indirectly by 
Sound, the particular sounds made or spoken into the mega- 



136 THE NEW PHYSICS 

phone, which connects through a diafram with the recorder ; 
this recorder having a small cutting instrument of glass fastened 
to it, whose end rests upon the paraffin and wax which covers 
the revolving cylinder. 

It is suggested in " Ellen," that the record is made directly 
by the particles of sound, spoken into the instrument, passing 
through the diafram, thence conducted to the glass point, and 
entering the groove, when cut by the recorder, and making an 
exact impression of themselves in the paraffin and wax. In 
this case the particles of sound would drop into the cut groove 
quite as seed are sown into a row made by a hoe. 

This explanation was made especially to avoid the difficulty 
of several different indentures apparently being made at the 
same time, by the same instrument. 

The law of resultants certainly is not superceded; but Sound 
is a very active agent, fully sustaining its reputation of being 
electrical, and it may be quite possible that it moves quickly 
enough to make the cutting instrument indent the different in- 
dentures which appear, consecutively. This question of exactly 
how it is made does not affect in the slightest the fact that 
Sound is corpuscular. 
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xvn. 

1^ ANOT thus refers to the ear trumpet. 

« Speaking trumpet. Ear trumpet. — ^These instruments depend 
on the reflection of sound in tubes. 

" The speaking trumpet^ as its name implies, is used to render the 
voice audible at great distances, more especially on board ship. It 
consists of a slightly conical tin or brass tube, fig. 21, very much wider 




Fig. 21. 
at one end (which is called the bell)^ and provided with a mouthpiece 
at the other. They are as much as seven feet in length, the bell being 
one foot in diameter. 

"The larger the dimensions of this instrument the greater is the 
distance at which the voice is heard. Its action is usually ascribed to 
the successive reflections of sound-waves from the sides of the tube, by 
which the waves tend more and more to pass in a direction parallel to 
the axis of the instrument. It has, however, been objected to this ex- 
planation that the sounds emitted by the speaking trumpet are not 
stronger solely in the direction of the axis, but in all directions ; that 
the bell would not tend to produce parallelism in the sound-wave, 
whereas it certainly exerts considerable influence in strengthening the 
sound. According to Hassenfratz, the bell acts by q^using a large 
mass of air to be set in consonant vibration before it begins to be dif- 
fused. This is probably also the reason why sound travels best in the 
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chief direction of the sounding body ; thus the report of a cannon, the 
sound of a wind instrument in the line of the tube, the voice of the 
direction of the mouth, &c. 

" The ear trumpet is used by persons who are hard of hearing. It is 
essentially an inverted speaking trumpet, and consists of a conical 
metallic tube, one of whose ends, terminating in a Ml^ receives the 
sound, while the other end is introduced into the ear. This instrument 
is the reverse of the speaking trumpet. The bell serves as a mouth- 
piece ; that is, it receives the sound coming from the mouth of the 
person who speaks. These sounds are transmitted by a series of reflec • 
tions to the interior of the trumpet, so that the waves, which would 
become greatly diffused, are concentrated on the ear, and produce a 
far greater effect than divergent waves would have done." 

Perhaps no passages in this book show how entirely it was 
written to supply the market, — that is, written to sell, — so 
strongly as this. For we cannot but feel that Ganot was too 
able a man to be fooled by the suggestions which he quotes 
from others, as explanatory of these instruments. The state- 
ment concerning the ear trumpet is absolutely false. 

Chambers' Encyclopaedia under Speaking Trumpet, says : 

** Speaking Trumpet. — An instrument for giving concentration, 
rather than dispersion to the waves of sound originated by the articulation 
of the human voice, and thereby enabling the sound to be conveyed to a 
greater distance. It is of the utmost use on shipboard in enabling the 
officers to convey orders during windy weather from one part of the 
deck to another, or to the rigging. The invention is ascribed to Sir 
Samuel Morland, in 1670, though Athanasius Kircher laid claim to it. 
Morland's trumpet was of the same form as that now in use — viz., a 
truncated cone, with an outward curve or lip at the opening. 

"The theory of the action of this instrument has never been 
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thoroughly explained; but it is supposed that the sides of the tube 
throw the sound back and back in various reflections, until ultimately 
the waves quit the instrument in parallel lines. It does not seem to 
depend on vibration of the instrument.'' 

Of the Ear Trumpet this Encyclopaedia says : 

" A contrivance for improving the hearing of the partially deaf. For 
this purpose many ingenious instruments have been devised. The 
principle in them all is the same : to collect the sonorous vibrations, and 
to convey them in an intensified form to the deeper parts of the ear." 

This is the usual parrot like talk, intended to conceal ignor- 
ance, but wholly without meaning. 

Ganot says : 

" The wave length of the sounds emitted by a man's voice in ordinary 
conversation is from 8 feet to 1 2 feet, and that of a woman's voice is 
from 2 feet to 4 feet." 

And these we suppose to be what are called sonorous vibra- 
tions. And as they are spoken by individuals, and couldn't have 
such length in the throat, it is assumed that something of this 
kind varying from 2 to 12 feet in length, according to sex, and 
carrying the correlative of Sound are hovering about in the air, 
and can be introduced into the ear trumpet, scarcely a foot in 
length. 

It would of course be impossible to get such waves with their 
form unharmed, as it would have to be if representing the 
sound into an ear trumpet, if they existed, but they don't exist. 

The whole thing is too absurd for further consideration. 
There isn't the slightest scintilla of truth in any part of it. 
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Professor Silliman says : 

'' Ear-trumpet. — ^The hearing-trumpet, intended to assist persons 
hard of hearing, is in form and application the reverse of the speak- 
ing-trumpet, although in principle the same. It consists of a coni- 
cal tube, turned in any convenient direction, so that the opening, 
may enter the ear. The strengthening of the sound by this instru- 
ment was formerly attributed to reflection of sonorous waves caused to 
converge to the ear, and it was sought to obtain the form most favor- 
able to fulfill this condition ; thus the cone was replaced by a parabo- 
loid, having its focus at the point. But these different forms have no 
effect upon the result. Moreover, the nature of the walls, and the 
condition of the interior surface, whether rough or polished, or lined 
with cloth, has no effect upon the intensity of the sound. The only 
essential condition is that the exterior opening should be greater 
than that which enters the ear. [That is, that a hopper should be 
broader at the top than at the bottom.] The effect of the ear-trumpet 
is explained as follows : — ^The portions of compressed or dilated air, 
which arrive at the exterior opening, transmit their compression or 
dilatation to portions of air smaller and smaller, and consequently 
transmit it with increasing intensity. In this manner the portion of 
air at the point receives and transmits to the membrane of the tympanum 
a compression or dilatation of much greater intensity than in the absence 
of the instrument. Holding the hand concave behind the ear, as deaf 
persons are seen to do, concentrates sound in the manner of an ear- 
trumpet. The form of the external ear in animals favors the collection 
of sound. 

Here the reflection of sonorous waves is given up, and another 
explanation equally absurd, impossible and inexcusable, intro- 
duced. The key to the whole situation, "that the only essential 
condition is that the exterior opening should be greater than 
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that which enters the ear/' is mentioned, but, though trumpet- 
tongued, is dismissed by those who are tongue-tied by authority. 

The sense of hearing is defective. But Sound is that which 
makes the sense of hearing possible. The ear-trumpet is in- 
troduced to test the universal law of nature — true to a certain 
extent in some things, and to any extent in others, that effects 
are proportionate to amounts. If a little Sound fails to make 
one hear, perhaps more will succeed. 

A thimble full of water or a gill is something to a thirsty 
man, but a quart is far more effective. The same is true with 
things to appease hunger, or in clothing for warmth. 

A few bricks or any other material will build a small building, 
more a much larger one. A few particles of light may suggest 
vision, plenty of them make it certain. 

This law may be illustrated indefinitely. You can't go amiss 
on it, and you don't in this matter of Sound. It is the one 
method, other things being equal, by which nature regulates 
want and supply. We know that very few scientists appear to 
know this ; at least very few seem to apply it in their teach- 
ing, or reasoning, if they take the trouble to reason. But it is 
one of those principles which may safely always be drawn upon 
to assist us in trying to discover hidden principles in nature, 
and will often help out, as this does here. 

If Sound is a solid substance like grain, although it may be 
indefinitely finer than grass or clover seed, the increased open- 
ing of the ear-trumpet will gather more of it, and the tube 
tumble it down into the ear, when immediately the person that 
was deaf hears better, if the trouble is not too serious, and 
perhaps perfectly. 
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And for no other possible reason, excepting that the thing 
made by God to operate upon the sense of hearing, is able 
sometimes to do so if supplied artificially in larger amounts, 
when it could not do it otherwise. 

In this respect it resembles the operation of the kindred 
sensation, vision, which by the aid of glasses of different kinds, is 
able to converge to the eye an increased number of particles of 
light, and thus enable one to see, where he could not before. 
In each case this is accomplished by increasing artificially the 
supply of Light and Sound, for the purpose of sight and hear- 
ing, by instruments which cause the different streams of these 
particles in the air to converge to the eye and ear. 

It is a similar thing to arranging artificially that a number 
of streams of water should converge or empty into the same 
pond, and thus furnish a needed supply ; and in each case these 
streams are combinations of matter, and could be nothing else. 
For there is nothing else in the universe to make them of. 



"- 
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XVIII. 

OTILL another book of Physics we find in our library in which 
^ persistent effort is made to explain the phenomena of Sound 
by accepted theories. It is of course a dismal failure, though 
perhaps it would be impossible to make a better attempt. We 
refer to Elements of Physics or Natural Philosophy by Neil 
Amott. Tenth edition, edited by Alexander Bain, 1879. The 
first edition was published by the author in 1827. Mr. Arnott 
was born in 1788 at Arbroath in Scotland, died 1874. 

The consideration of Sound begins on page 305, as follows: 

" Sound is heard when some sudden shock or impulse occurs in any 
body having communication^ through the air^ or otherwise, with the ear** 

This is a strictly correct statement and Mr. Arnott certainly 
deserves credit to have gone straight so far. The book is free 
of the nonsense referred to by the Yale College book, and of the 
misstatement made by Ganot, although the latter had condoned 
for this in advance by a very conspicuous notice that the whole 
subject was " completely unknown." The remaining four speci- 
fications relating to Sound are very cautiously stated, and with 
a little latitude in interpreting words, fairly correct ; that is, not 
grossly incorrect. 

The book proceeds with a brief statement of the origin of the 
undulatory theory. It says : 

^Because all bodies around us are immersed, in common with our- 
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selves, in the ocean of air which envelopes the earth, we are much more 
frequently warned of these shocks and tremblings by their effect on the 
air than in any other way; hence the early conclusion that air was 
necessary to sound, and hence, in part, the reason why the study of 
soimd was formerly included in that of Pneumatics, It is now known, 
however, that all bodies are more or less fitted to convey sound, and 
that air in many cases is neither the quickest nor the best conductor." 

Unquestionably this theory would never have been suggested 
had it been first known 4hat Sound went through many bodies 
both faster and further than in air. 

Mr. Arnott repeats the statement that "The report of a pistol 
is not nearly so loud in the thin air on a lofty mountain top 
as at the base of the mountain, and that human voices are re- 
markably weakened ;" and adds: "On the other hand, in the 
condensed air of a diving bell a whisper is loud." 

The book then undertakes to illustrate the action of a vibra- 
ting body to produce an air pulse of continued length, some- 
thing absolutely impossible because of the mobility of the air. 

It next introduces an explosion as Sound, as follows : 

" A striking illustration of the power of air to transmit such mechani- 
cal impulses is seen in the explosion of a magazine. The shock is suf- 
ficient to break windows and shatter houses at a considerable distance 
from the spot. 

" In the explosion of five tons of gunpowder which took place in 
October, 1874, on Regent's Canal, traversing the Regent's Park, the 
injury done by concussion and vibration was of enormous extent. It 
was reported that more than a thousand houses in the north-west of 
London had been damaged more or less in this catastrophe. Major 
Majendie states that the area of structural damage to houses extended 
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to a distance of four hundred yards from the seat of explosion 
under the Canal bridge, and the area of damage to window-frames, 
sashes, ceilings, and doors extended to six hundred yards. The area 
of broken windows reached from three-quarters of a mile to one mile, 
and the area within which the shock or sound is known from reliable 
evidence to have been sensible, was fifteen miles (Waltham Abbey). 
The concussion at two and three miles distance was very violent, and 
one death, produced by the shock and alarm occurred at two miles 
(Holloway).* 

" In those cases in which the windows were open, the glass for the 
most part was not broken. 

"All sounds of great intensity such as those of thunder and the dis- 
charge of heavy artillery, produce sonorous waves of such force as to 
break and destroy glass and other brittle objects. This is simply the 
result of a sudden and violent concussion of the air. 

*' On the other hand, the aerial concussions which accompany feeble 
sounds may be revealed and beautifully illustrated by their action on 
flame." 

The above is an illustration, so far as we know held by all 
text-books, that the destruction caused by explosion of all kinds, 
is done by Sound, when they ought to know — do know — that 
Sound is ph^omenally harmless, no matter how extensive it is. 
It won't put out or make duck the light of a candle or lamp, 
unless of unison vibration with it. In a thunder storm, the 
lightning may kill, but the thunder never injures, though when 
having the same vibration it may make a pane of glass rattle. 

We admit if Sound was air waves it ought to destroy things, 
going as it does, and as every text-book teaches, over 700 miles 

^ Report on the Explotion of Gunpowder in the Regent's Park, 1875, P* 'O* 
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an hour, whilst the greatest hurricane or tornado goes but a 
little, if any, over lOO miles. If it was air waves, there would 
soon be nobody to hear it, in fact there would be nothing else 
on the earth, or in the material universe. Very fortunately 
the scientists are not permitted to experiment with any of their 
theories. 

Living much of the time upon the Green Mountains, 1500 
feet above the sea, where, during a south-east storm, blowing 
straight from the Atlantic, the air pulses are unusually lively, 
I have myself had considerable experience with them. A num- 
ber of barns near me have been blown down, timbers from one 
of them having been carried with such force as to break 
through the clapboard partition into my dining room. 

At another time, the sound waves were seen approaching 
from the high hill south, where they made themselves known by 
overthrowing quite a number of the hemlocks and spruces 
averaging about 75 feet in height. 

At the time these sound waves were approaching, a meeting 
was being held in the school-house. The waves lifted this up 
and set it down at right angles, whilst a boy on the road was 
taken by one of them and unceremoniously dropp|d in a neigh- 
boring field. The same was done with a carriage, by a number 
of the waves though the horse, liberating himself, kept his place 
on the highway. 

It must be evident to every one that the board carried by 
the wind into the dining-room was not Sound, but a solid ex- 
tended substance capable, when hurled against a partition, of 
breaking through it, whch no sound that ever existed could do. 
It is equally plain that particles of air are as much a substance 
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as the board, and when massed and moved with sufficient force 
may be very destructive. But they are no more Sound than 
the board is Sound. It would be utterly impossible for them 
to move with the speed of Sound. The roar or sound of the 
above tornado, as always in such cases, preceded the storm by 
quite an interval of time ; and was, too, harmless, as shadows ot 
light. Indeed, pictures, whether by Sound or Light, of dis^ 
turbance or rest, are equally harmless, their functions being to 
educate, not to destroy; although, again, it is true that the 
disturbance which is thus distinctly copied may be destructive ; 
and so the subject of many a picture may be destructive. 

An explosion brings an entirely new force into action, that 
of the gases engendered by it. The pulses of air, too, are 
aroused, whilst at the same time a large amount of Sound is 
made. The air pulses and gases, one or both, are responsible 
for the breakages, and with the breakages comes more Sound, 
but the sound is one thing and the gases and air, thrown off by 
the explosion, two other and very different things, fiarmlessly 
the sounds spread in all directions, doing no damage but giving 
warning of the approaching catastrophe. The roar of a storm 
is heard for miles beyond its course. And so the coming of 
the rain and wind is heard for some little time before it arrives. 
All this proves that the two things, air pulses and Sound, are 
entirely different. 

Frequently at Middlebury, south-east storms in winter are 
heard upon the mountains in Ripton, ten and twelve miles off, 
whilst everything is quiet in the Champlain valley below, ex- 
cepting the roar of the distant storm. That these and their 
roar, or noise, are entirely distinct may here be most fully per- 
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ccived. The last is manufactured by the usual disturbance, or 
shock, produced by the storm, and spreads through the atmos- 
phere in all directions. The roar of Niagara is not Niagara, 
but the acoustic picture of it. And so the roar of a storm is 
not the storm but the acoustic picture of it. From below the 
mountains where only the sound was heard of the storm above, 
we have ridden on horse-back in mid-winter into the wind, 
sleet, and snow, which grew stronger and stronger as we reached 
the higher table-lands that, between the first and second range, 
extend many miles north and south. Thus the sound and the 
storm are two very different things ; and so the sound and ex- 
plosions are, as every one knows who knows anything at all 
about the subject. And when one finds them spoken of as the 
same, he sees how hopeless it is to expect correct information 
upon such subjects, from such source. And still, so far as we 
know, all text-books, and many if not all instructors, confuse 
the two. 
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THE action of sensitive flames is next considered, which we 
have fully explained by the corpuscular theory. This 
book, although making some bold statements about their being 
the effect of sonorous vibrations, admits further on that their 
cause is wholly unknown. As both the experiments mentioned 
and the discussion of them are unusually interesting, we copy 
in full. 

Effect of vibrations on flames, — Sensitive Flames : 



t( 



Flame, or the combustion of light and highly volatile matter in a 
visible form, is admirably adapted to show the existence of feeble cur- 
rents of air, and it has proved equally serviceable in establishing the 
existence of vibratory movements of the air as the result of sound 
when all other methods have failed. 

" When coal gas is burnt out of a small orifice, V shaped and under 
sufficient pressure, a taping fiame about fifteen inches in length is ob- 
tained. Mr. Barrett found that the shape and character of the fiame 
underwent some remarkable changes when sounds were produced near 
it On clapping the hands, or tapping the table, the tall quivering 
fiame shrank down nearly half its height, spread out laterally into a 
wider or fish-tail fiame, and an increased amount of light. On the 
cessation of the sound, the fiame again rose to its original height. He 
was thus able to fire gunpowder or gun-cotton by producing sound at 
a distance from the fiame. The sound produced by the gentlest tap, 
and not mere loudness, the chinking of money, the shaking of a bunch 
of ke3rs, the creaking of boots, the crackling of a fire, the dropping of 
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a cinder, the ticking of a watch, and even the splashing of a rain-drop 
— all of these sounds startled or convulsed the flame, and the crumpling 
of tracing-paper or the rumpling of a silk dress, caused it, as Mr. Barrett 
describes, to become frantic with commotion. We have therefore in 
this kind of flame a wonderfully delicate test of the vibratory motions 
in the air which produce sound. 

" These remarkable changes in the flame are due simply to the effect 
of sonorous vibrations, and not the concussion of the displaced air which 
attends the original production of the sound. A stroke on the C above 
' the treble of the piano produced just the same effect as the clapping of 
the hands. It is, in fact, as Mr. Barrett has stated, the product of 
translated motion, and not of translated matter. It is the result of those 
undulations of the air by which sound is propagated. The facts, too, 
illustrate the velocity with which sound is propagated, for the move- 
ment of the flame is simultaneous with the hearing of the sound, 
whether near or distant, so long as it can be heard. 

" If a man whistles near such a flame it instantly responds, and is 
lowered as described. If he leaves the room, and shuts the doors, the 
flame still responds to the whistle outside, in spite of this obstacle to 
the passage of the vibrations. This shows how small an amount of 
vibratory motion in the atmosphere may be rendered evident by a sen- 
sitive flame. At thirty or forty feet distance, a sensible effect was pro- 
duced by sound on the flame, and considering that the vibratory move- 
ments are inversely proportional to the square of the distance, the 
amount of motion by which it was aifected must have been infinitesi- 
mally small. 

"This kind of flame is not equally sensitive to all sounds. Thus 
the bass notes of a pianoforte did not disturb it, but as the high notes 
were approached, the flame became uneasy and its shape was changed. 
In reference to speech, it was found to be remarkably sensitive to 
sibilants; thus such words as hiss, hush, and brush caused it to be 
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instantly lowered ; and, according to Mr. Barrett, even ' if you go away 
and out of sight the flame will shiver all over every time you utter the 
obnoxious sibilant.' It is only the high notes of a violin which affect 
it ; but it dances to the music in perfect time when a time is played to 
it on any musical instrument. In an experiment performed at the 
Royal Institution, Professor Tyndall caused the flame to dance to the 
tune played by a musical box. When spoken to, or verses were recited 
near it, the flame underwent a variety of changes, moving up and 
down, widening and contracting itself according to the nature of the 
sotmds. 

"The remarkable effects produced on flame by those vibratory 
movements of the air, on which sound depends, have not yet received a 
satisfactory explanation. There is a mystery about them which no 
philosopher has yet been able to fathom. It is impossible to witness 
them without a profound feeling of wonder. The results are more like 
the effects attributed to magic than those obtained by philosophical 
research. As Mr. Barrett remarks, "We are surrounded by wonders 
and enveloped in mystery, and at present science can do little more 
than reveal these wonders, classify these mysterious facts, and awaken 
a right and intelligent appreciation of them." 

With our discussion of the cause of sympathetic vibration this 
whole mystery is removed. These actions and all similar ones 
are simply and entirely the carrying out of this principle. That 
is, the slightest sound, as well as the loudest, consists of infini- 
tesimal particles of matter produced by shock or friction. These 
are electrical, and all contain within themselves the power of 
movement, and, whatever the particular disturbance which 
makes them, they move, so long as they exist, in many different 
directions, and, whilst in the same medium, at the same speed. 
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Their duration depends upon their size, and that depends 
upon the amount of disturbance which makes them. In cir- 
culating, should they meet any body having the same normal 
vibration as the body in which they were produced, and by 
which they are formed, they will enter it ; perhaps are drawn 
in by some force, as water is by gravitation into the beds of 
streams, rivers or rivulets, ponds or oceans. 

And thus the corpuscles enter the different flames, causing 
them to vibrate, as we think, simply by circulating through their 
interstices. In any case they make them vibrate in precisely 
the same way that they do the body in which they originate, 
and therefore are their bodies said to have the same or unison 
vibration, and, as we have said before, this is a peculiar and 
most important principle of Sound, of which it makes constant 
use, and through which it finally influences the mind. 

Mr. Arnott savs further : 

" Instances of sound carried by air have been given already : as fur- 
ther examples, we may cite the cases of what are called sympathetic 
sounds. Most elastic solids, when of certain shapes, being sonorous, 
that is to say being fitted to tremble when struck, with a certain fre- 
quency of oscillation depending on their weight and shape, if the air 
around them be made to tremble by any cause, with the velocity which 
they are fitted to take on or produce, they immediately begin to trem- 
ble in unison with the air ; and their motion or sound may continue 
after the original cause of it has ceased. Thus almost any clear tone 
produced near a pianoforte whose dampers are raised, finds a respon- 
sive string, and if bits of paper are placed upon the strings generally, 
those falling on the strings which in turn can vibrate in unison or as 
octaves to the sounding body are soon shaken off, while the others re- 
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main. A harp or guitar, in a room with loud-talking company, is often 
mingling a note with their conversation. A wine-glass or goblet may be 
caused to tremble (and if on a table at all inclined, even to fall) by a 
person sounding, on a violoncello near it, the note accordant to its own. 

" Sounding bodies vibrate much more quickly, or have sharper tones, 
if placed in light hydrogen, than in common air, and more quickly in 
common air than in any of the heavier gases, because the lighter the 
surrounding fluid, the less is the resistance to the body moving in it. 

" If a bell-glass, suspended, is filled with hydrogen by displacement, 
and a bell struck violently is suddenly introduced into the gas from 
below, the sound is almost lost. On bringing it into the air, the clear 
ringing sound is again perceived, showing how much depends on the 
density of the aerial medium. If a bell struck in air is plunged into a 
bell-jar of carbonic acid, a much graver sound is produced. Glass ves- 
sels containing hydrogen and carbonic acid emit very different sounds 
when struck. A glass jar containing carbonic acid, which is half again 
as heavy as the air, emits a dull heavy sound. This is strongly indicated 
when the rim of a glass containing effervescing champagne or soda-water 
is struck by a hard substance. So long as the escape of carbonic acid 
continues, the sound is dull, as if the glass was cracked. As it escapes, 
the glass acquires its usual clear ringing sound. 

" That water is a good vehicle of sound is proved by the distinct- 
ness with which the blows of workers aroimd a diving bell are heard 
above ; — by the fact, well known to sportsmen, that fishes hear very 
acutely. If a bell was rung under water, and a person was also sub- 
mersed in water, the sound would be heard by him even better than if 
both were in the air, but the sound is much graver.* 

* A remarkable exemplification of the power of liquids to transmit mechanical 
pulses or shocks, analogous to those of air in sound, was given by an explosion of 
nitro-glycerine off the coast of Oregon in 1874. Vast numbers of fish were caught, 
either stunned or quite dead for a considerable space round the seat of explosion, 
^milar effects have also been observed after the firing of " torpedoes " under water. 
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** Singular noises, heard during the dead of night, and which by the 
superstitious had been deemed supernatural, have often been eventually 
discovered to be sounds conveyed by the solid wall of the house from 
some adjoining building. 

** It is easy to ascertain whether a kettle boils by putting one end of 
a stick or poker on the lid and the other end to the ear ; the bubbling 
of the water then appears as loud as the rattling of a carriage in the 
street, although another person sitting near does not hear it at alL A 
slight blow given to a steel poker or a steel triangle, of which one end 
is held to the ear, produces a sound which is painfully loud 

" The readiness with which solids convey sound is illustrated by the 
fact that a small musical box, while held in the hand, is scarcely audi- 
ble, but when pressed against a table or a door, it will rival a litde harp. 
The vibration communicated from the box pervades the whole of the 
wood, and the extended surface of that acting on the air increases the 
effect. The construction of violins, harps, guitars, &c., and of sound- 
ing-boards generally, is governed by the same law. In the dancing- 
master's kii or small fiddle, which he carries in his pocket, there may be 
the same strings and the same bow as for a violin, but it has very little 
sound, because the extent of its siuiace is so small. A piece of metal 
called a sourdincy when fixed upon the bridge of a violin, damps the 
sound, because it is a dead mass resisting the motion of the elastic 
wood. The vibrations of a tuning-fork are heard much more distinctly 
when the end of the tuning-fork is pressed against the teeth, than 
when it is simply sounded in air. 

" A very slight fissure or crack in a solid will break the continuity of 
the vibrations, and reveal itself by a remarkable change in the sound 
emitted. A scarcely perceptible fissure in a piece of china or biscuit- 
ware immediately destroys the usual ringing sound. There is a 
heavy, dull sound produced when the article is struck, and this is often 
made a test of the soimdness of the article. If the fissure is filled up 
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with cement, cohesion is restored, and with it the original sound. A 
cracked gold or silver coin is detected by the absence of a ringing 
metallic sound. The iron tires of the wheels of railway carriages are 
tested with a hammer. The sound emitted reveals to the experienced 
car whether the tire is perfect, or whether there is a flaw in it likely to 
cause an accident 

" The Stethescope. — A useful application, in medicine, of this prop- 
erty of solids is the stethescope or chest inspector^ invented by Dr. 




Fig. 22. 

Laennec, of Paris. (See fig. 22.) This is a wooden cylinder widen- 
ing out at one end, which is applied to the chest of the patient while 
the surgeon places his ear at the other end, and detects any derange- 
ment of the working of the inward parts, almost as a watchmaker can 
detect the deranged beating of a watch. Certain diseases of the heart 
and lungs, and the degree to which they have advanced, may be clearly 
distinguished by the aid of this instrument." 
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THERE follows, or is interspersed, the usual amount of non- 
sense about length of waves, etc. That people should make 
mistakes in science is not at all wonderful, but that these should 
be persisted in for centuries is most remarkable, and becomes 
inexcusable. 

That the discoveries of Helmholtz in regard to the quality 
or timbre of musical notes are correct, we believe there is no 
question, but statements that these have anything to do 
with *' wave forms," *' aerial masses," or "wave nature," is in- 
excusable folly when continued, parrot like, for centuries. 
By a beautiful law as wonderful as that of Light, an infinite 
God has designed this most useful system of Sound. The at- 
mosphere is its natural road of travel, but it can get aboard 
many other lines which make much faster time, or go by water 
both safely and quickly, or entering a telephone wire be carried 
by the electric current with the speed of light, 184,000 miles 
a second. 

Let the mind's eye follow it. The disturbance which makes 
it, with perhaps the instruments, or machiner)', which assist, 
are alone visible to the physical eye, but by the universality of 
natural laws, which by the mind are reflected as in a mirror, 
we are abundantly able to fathom their secret; for knowing 
that the kindred sensation of odor consists of infinitesimal 
particles of matter, wafted by the air to the recipient, we can 
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readily believe and soon demonstrate that Sound is the result 
of a similar substance. 

We perhaps have repeatedly called attention to the fact that 
one great secret of Sound is sympathetic vibration. It enters 
all bodies, or may, which have the same vibration as that body 
in which it was made, and causes them to vibrate. This we 
think is done because of the nature of their shores; that is, be- 
cause of the arrangement of their interstices. 

As water enters ponds, or finds its level, so will these streams 
of Sound enter these bodies ; and finally by a system of resona- 
tors in the interior chamber of the ear, the different sounds are 
separated and delivered to the soul. 

Sounds blossom in quality or timbre j as flowers do with many 
leaves, stamens, and petals, nor can there appear any reason why 
they should not. The lives of but few of them are over several 
seconds, it is true, but they are as perfectly made as anything 
in nature. 

We add the following valuable paragraphs from Arnott: 

" In solids sound travels more rapidly than in liquids. Its velocity 
in solids has been estimated 11,280 feet in a second but the velocity is 
found to vary according to the nature of the solid. Thus, in the metals 
it is from 4 to 16 times that in air. If the rate of transmission in air 
is taken as i, that in gold is 5 ; in silver and platinum, 8 ; in copper, 
11; in steel wire, 16. 

" Biot performed a variety of experiments on the velocity of sound 
in cast-iron, using for this purpose the water pipes of the city of Paris, 
which were pipes 3000 feet in length. He found it to be loj times 
greater than in air. In ice sound travels at about the same rate as in 
water ; Chladni found that its velocity was 1 7 times greater than in air. 
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The same observer found that in woods iX was from lo to 17 times 
quicker than in air. This^shows that it is mere density or closeness 
of the particles which is the explaining cause. If air = i, beech and 
pine = 10 ; ash^ alder ^ fir ^ and acacia = 15 ; and aspen =16. This 
is the velocity along the fibre, which is in general three or four times 
greater than that across the fibre ; a striking illustration of the differ- 
ence of physical properties due to mere molecular arrangement.* 

"The string of a piano, if its damper be gently raised by touching, 
not striking, its key, will be heard to vibrate in response to the same 
note forcibly sung or played near it. 

" Bell-shaped glasses can be thrown into violent motion, it is said 
even shivered, by a very powerful and fine voice singing their proper 
tone into them or near them. 



I 





Fig. 23. Fig. 24. 

" So a tuning-fork at one end of a room will respond to another of 
the same pitch, struck or sounded by a violin-bow at the other end of 
the room, but the least difference of pitch destroys this, as may be 
proved, by fixing a little wax to one of the legs of the resounding- 
fork. In like manner a stretched india-rubber membrane may be found 
to answer the note which accords with its natural period of vibration. 

* According to Sir David Brewster sound moves through tin at the rate of 8175 
feet and through iron, glass, and some kinds of wood at the rate of 18,550 feet in a 
second. 
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** A column of air is an exceedingly sensitive resonator. If a tun- 
ing-fork be struck and held over a tall jar^ it will be found on slowly 
pouring in water into the jar that for a certain depth of the water-sur- 
face, the tone of the fork is resounded, greatly strengthened, by the jar 
(see fig. 23). A different pitch of tuning-fork would have a different 
length of resonant air-column corresponding to it ; so that each note 
has its own resonant air-column which will respond to it when sounded. 

" It is an application of this principle that Professor Helmholtz has 
made use of for the analysis of harmonics. His resonant air masses, 
or resonators^ are formed by glass or brass vessels of the shapes a, or 
B, in fig. 24. They are open at both ends, the smaller end being in- 
serted in the ear. A series of such resonators is constructed so as to 
resound each to a note of different pitch. It is evident then that, since 
the inclosed air-column will respond only to a definite note, the corre- 
sponding note may be singled out from any mixture of notes and isola- 
ted, as effectively as the chemist singles out by precipitation any ingre- 
dient he chooses from a mixture of indistinguishable substances. 
Faint overtones, which would otherwise fail to be distinguished, are 
thus isolated and their pitch determined. ' The proper tone of the res- 
onator may even be sometimes heard cropping up in the whistling of 
the wind, the rattling of carriage- wheels, or the splashing of water.' 
The proper tone of a resonator held to the ear during the playing of a 
piece of harmonised music, will be heard rising out of the mass in bold 

contrast. 
'' By means of a series of such tuned resonators every note of the 

piano may be analysed or resolved into a number of separate tones ; 
and it will be found that the lower tones are more complex than the 
higher. 
" Also on examining by these means the C sounded on the middle 

key of the piano, the same C sounded on a plate, a violin, a harmonium, 
&c., we should find that they all differ in one or more of three respects, 
namely : — 
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(i.) 'In the number oi overtones present; or, 
(2.) *In the ^r^^r of those present; or, 
(3.) ' In their relative intensities,* 

"The possible combinations of harmonics which may thus be created 
are practically infinite in number. It has been calculated that with six 
over-tones and two shades of intensity for each, we may thus have more 
than 400 shades or qualities of tone. 

Tlie musical sounds 0/ strings and stringeti instruments, 

" The rate of vibration in strings increases with their shortness^ light- 
nesSy and tension : for if a string be long or heavy, there is a greater 
mass of matter to be moved than in one short or light, and thence a 
slower motion ; and if a string be slack, the force of elasticity which 
pulls it from any deviation back to the straight line will be so much the 
less. The facts are, that a string taken of half the length, or of one- 
fourth the weight, or of quadruple the tension of another string, vibrates 
just twice as fast on any one of these accounts; a string of one- 
third the length, or of one-ninth the weight, or of nine times the ten- 
sion of another, vibrates three times as fast ; and so on for other pro- 
portions. 

" These truths are familiarly illustrated in the violin. The low or 
bass string is thick and heavy, being covered with wire, and the others 
gradually diminish in magnitude and weight, up to the smallest or treble. 
The strings are tuned to each other by being attached by one end 
to movable pins, which, when turned, increase or diminish the tension ; 
and the sound produced by each is afterwards varied to a certain ex- 

I 

tent by the performer pressing different parts of it with the finger 
against the board, so as to shorten or lengthen the vibrating portion. 

"An analogous law, as to the influence upon tone, of weight and 
dimensions, holds with respect to bells, glasses, reeds, &c. 

" If a long musical string be made to sound, and then only half of it 
be made to sound, as when a movable bridge is placed under the mid- 
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die, or a finger presses it there, the half will sound the note which is 
the octave to the first, and will therefore vibrate twice as fast ; and 
similarly the third part sounded, will give the fifth to the last-note, 
and will vibrate three times as fast as the first ; a fourth part, four times 
as fast ; and so on, producing the sounds or tones thus nearly related 
to each other. Thus, if by means of a bridge we divide the string into 
two parts whose lengths are in the ratio of any of the notes of the 
scale, we shall obtain the two notes by sounding the two parts of the 
string. It was in this way that the ancients discovered the simple 
numerical ratios connecting the different notes of the scale. The 
string of a violoncello, when made to vibrate by a bow moved very 
gently across it, near the bridge, often divides itself spontaneously into 
two, three, or four, &c., equal vibrating portions, with points of rest be- 
tween them called nodes. When this happens, there are heard in suc- 
cession, or even together, not only the sound or note belonging to the 
whole length of the string, but also, more feebly, the subordinate notes 
belonging to its half, third, or fourth, &c., that is the whole series of 
harmonics as explained above. Often in such a case the subordinate 
sounds swell with such force as to overpower for a time the funda- 
mental note. The same harmonic sounds may be produced still more 
certainly, while drawing the bow across the string, by touching the 
string lightly with the finger or with a feather at one of the points 
where we wish it to divide. Even a varied air may be thus played 
by the harmonics only. 

" The sounds belonging to a single cord or string, and produced by 
its spontaneous division into different numbers of equal parts, con- 
stitute, when heard together or in succession, what may be called a sim- 
ple music of nature herself. It is produced pleasingly, as just described, 
by the single string of a violoncello, but also in a very interesting 
manner by the instrument called the iEolian harp. 

" The /Eo&an harp is a long box or case of light wood, with harp 
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or violin strings extended on its face. These are generally tuned in 
unison with each other, or to the same pitchy except one which is thicker 
than the others, and vibrates only half as fast, giving the lower octave 
to the others and ser\'ing as a bass. When the harp is suspended 
among trees, or is placed in any situation where the fluctuating 
breeze may reach it, near a wnndow partially opened, for instance, each 
string, according to the manner in which it receives the blast, sounds 
either entire, or breaks into some of the simple divisions above described, 
the result of which is the production of a pleasing succession of 
musically- related sounds. After a i)ause this fairy harp may be heard 
beginning with a low and solemn note, like the bass of distant music in 
the sky : the sound then swells as if coming near, and other tones break 
forth, mingling with the first, and wth each other. In the combined 
and varying strain, sometimes one clear note predominates and some- 
times another, as if single musicians alternately led the band : and the 
concert often seems to approach and again to recede, until with the 
unequal breeze it dies away, and all is hushed again." 

In all the above instances the vibrations of the strings would 
be inaudible, but for their connection with the box. Because 
of this, the sounds made by the disturbance of the string:? by 
the wind is conducted to the extended surface of ihe box. and 
from this escapes rapidly enou^jh into the air to make them- 
selves thus audible. As the book expresses it: "In the piano, 
the harp, the violin. &c., evernhing depends on the perfect elas- 
ticity of the sounding board." 
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R. ARNOTT continues : 



"The vibrations of strings fixed at their two ends may be experi- 
mentally studied by means of a long india-rubber tube, or a long s[)iral 
of fine brass wire, or even a long flexible rope. 

"First on swinging the rope as in aa' (fig. 25), we find that it exe- 




Fig 25. 
cutes its vibrations in a definite period, depending merely on the length 
and weight and elasticity of the rope or tube, or wire helix. 

" Next, on tilting up the end, a, sharply, we raise a hump which will 
pass on to the other end, a', in the same time as the whole string, aa', 
takes to make one vibration. 

" As it cannot pass the end a', the wave is reflected there, and re- 
turns towards a with its former motion reversed, till on arriving at a it 
is once more reflected, and passes on towards a' as at first, these reflec- 
tions continuing till at last all the motion is destroyed. 

" If now we tilt up half the rope, bb', at one time, and keep tilting it 
at regular intervals, then, when the first wave is being reflected from b', 
a second is just starting from b ; these will obviously meet at n in the 
middle of the rope, and as this point is solicited in two opposite direc- 
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tions at once [held], it will remain at rest, and the string will in caost- 
qucnce keep vibrating as if each half was independent of the other. 
The jwint, n is called a node ; and the two bulging pieces of the string 
arc lormcd ventral segments. 

** In like manner the string may, with a little care, be divided into 
three ventral segments, with two nodes, as in €€*; or into four ventral 
sejjments, with three nodes, as in dd', the divisions being distinctly 
visible, 

** It is quite easy to throw a sounding string, such as a long string of 
catgut stretched over a sounding-box, into ventral segments, by lightly 
touching with the fmger, or with a feather, at some exact division, such 
as a fourth or a fifth of the whole string, and then sounding this i>art in 
the ordinar>' wav with a fiddle-bow. 

"A simple metho*! of showing these ventral segments is to fasten a 
wh.:? <:Ik or light cotton string to one prong of a tuning-fork, the ten- 
55,>r. V?: the siring being regulated by weights, w. in a scale-ptan attached 
a> :he er.vl of the string (fig. 26). On sounding the tuning-fork 
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monies as explained above, and is called a chord. The vacancies in 
it, compared with the common musical scale, may be filled up by join- 
ing to it the notes of two additional strings, one a third shorter, and 
therefore giving sounds sharper or more acute than it, and the other a 
third longer, and therefore giving tones more grave. Of these addi- 
tional notes, while part agree, or are in unison with certain notes of the 
principal chord, the remainder just serve to fill up its larger intervals, 
and to complete a scale of nearly uniform interval — as three ladders, 
having unequal intervals between their steps, might still, if placed to- 
gether, complete a stair of easy ascent The relation between these 
strings or chords is such, that the principal beats thrice for twice of 
the low chord, and the high chord beats thrice for twice of the princi- 
pal ; and in the usual scale of notes, the principal is the fifth note above 
the lower and fifth note below the higher. 

" The numbers which express the relations of beats among the notes 
of an octave are easily found, from our knowing the relative number of 
beats in the notes of any one simple chord, and the relation as above 
described of the three chords forming the compound scale. The follow- 
ing table exhibits on the first line these relations, or the arithmetical 
expression for the beats of an octave ; in the second line the corres- 
ponding lengths of a given string required to produce them ; in the third 
line the English designation of the notes by letters, and in the fourth 
line the continental designation by names, these names being the first 
syllables of certain verses formerly sung by learners : — 
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" If the intervals in the musical scale were all equal, a performer 
might choose indifferently any note as a fundamental or key note, and 
would only have to attend to the number of intervals above and belo^i 
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it ; but, in fact, the relation of the three constituent chords is such, that 
the third and seventh intervals in ascending from a key note are only 
about half as large as the others. It is owing to this circumstance that 
in changing the key on an instrument, certain notes belonging to other 
keys are about half a note too low or too high, that is too flat or too 
sharps and must be changed accordingly. And hence, when an instru- 
ment is to be used to play in all keys, its larger intervals must be divided 
into two parts at least. The fact of these unequal intervals, ill under- 
stood, is what gives an appearance of great complexity and difficulty 
to musical science. 

" Melody, in music, is when notes, having the simple numerical rela- 
tions of beat which we have been describing, are played in succession : 
harmony is when two or more such notes are sounded together. The 
effect of both is delightfully increased by what is called measure, viz., 
making the duration of the notes or strain correspond with certain reg- 
ular divisions of time. This gives to the listener an anticipation, to a 
certain degree, of what is coming, with the pleasure of having expecta- 
tion realized, as happens similarly in regard to the metre and rhyme of 
poetry : it moreover enables the memory to retain musical combinations 
of sound. The airs of the ^^olian harp, which observe no time, can- 
not be learned by note or repeated. The music of a single drum is 
chieflv that of time, 

" The accompaniment of an air afforded to a singer by one or more 
instruments, and which is so pleasing, is chiefly the sounding simul- 
taneously, in a subdued manner, some other notes of the chords to 
which the several vocal notes belong. Ducts and more complicated 
concert-pieces have their origin from the same source : and highly cul- 
tivated musical sense can even follow and enjoy several melodies played 
together. 

" Musical notes, by whatever instrument produced, have to each 
other the same numerical relations in the beats or vibrations which con- 
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slitute them. The different qualities of tone, therefore, from different 
instruments, can depend only on peculiarities of the single beats, as to 
whether they are sharp or soft, strong or weak, and accompanied or not 
by their natural harmonics. Such is the extraordinary nicety of per- 
ception which the human ear possesses in this respect, that it can not 
only distinguish different kinds of instruments, as a flute and clarionet, 
playing the same note, but with respect to the human voice, goes to the 
extent of recognizing almost each one of many voices singing the same 
air. One of the greatest charms of concert-music is that a particular 
voice and the different instruments may take up, separately, parts of the 
strain suited to their individual expression ; the flute and hautboy, for 
instance, breathe softness ; the trumpet and drum arouse ; the harp 
rolls forth its brilliant chords ; the violin leads the clear soun^ through 
rapid and endless variety ; and so of the rest. 

" That there might be correspondence in instruments when played 
together, and a known pitch when played apart, it became necessary to 
fix on some tone or certain number of vibrations as a point of compari- 
son. Hence tuning-forks are made of steel, with length of prongs cal- 
culated to produce a certain note. This note is usually the fourth 
A or la^ from the bass of the pianoforte, and vibrates about 440 times 
in the second ; — and when the note of the same name on any instru- 
ment is tuned in unison with this, the other notes can be easily adjusted 
according to the harmonic relations above explained. 

" Almost every substance or contrivance that can produce a uniform 
continued sound may enter into the composition of a musical instru- 
ment : hence the almost endless variety which the world has seen. The 
chief classes of instruments are stringed instruments^ wind instrumentSy 
and hells or rods, 

"The .guitar, as affording an accompaniment to vocal music, has 
many advantages. It is not too loud, yet the strains are very distinct : 
it admits of most touching expression ; command of it is easily learned 
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to the extent desirable as an accompaniment, by any one who should 
attempt to perform music at all ; it is portable and cheap. The facility 
of accompaniment on it depends on this, that the player is able by one 
position of the hand so to touch the strings, that the sounds of all the 
six shall belong to the same chord — three positions of the hand, there- 
fore, for one key, produces all the notes and chords which a simple ac- 
companiment requires ; and the hand soon falls into these so readily 
that the player is hardly sensible of exerting volition in regard to them. 

Sounding Rods and Plates, 

" Rods of wood, metal, glass, &:c., Jixed at both ends, will vibrate 
and divide into ventral segments after the same manner as the strings 
above described : but the same simple relations between the pitch of the 
note produced and the number of segments do not obtain. When a 
string of catgut tightly stretched divides into two segments, each half 
sounds the octave to the note produced by the whole vibrating string ; 
but when a rod thus divides into two, each half vibrates more than 
twice as fast as the whole, and hence the note sounded by each half, is 
higher than the octave to the prime or fundamental note of the rod ; 
the reason being that the force tending to restore the rod to its position 
of rest or equilibrium, is greater than that in the case of the string. 

" If a steel or brass rod of two or three feet be fixed at one end only, 
and made to vibrate, either by striking or by means of a fiddle-bow, 
it will divide into wave-sections, like a sounding string. If the rod be 
three feet in length, it will vibrate about once in a second, and the 
motion will be plainly visible, but too slow to be audible. As we shorten 
the rod, the rapidity of quiver increases very fast ; being four, nine^ 
&c., times as fast when the length is reduced to a half, a third, &c. 
At about yj7//r inches, the vibrations begin to fuse together into a sound, 
and a steel rod one inch long will give nearly 1300 vibrations per 
second. An instrument to sound the notes of the gamut or scale might 
obviously be constructed out of eight rods whose lengths were connected 
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by these relations. The metal tongues of the common musical-box 
belong to this class of sounding bodies. 

'* The motions of the free end of a vibrating rod fixed at the other 
end are much more complicated than might at first be supposed : they 
may be easily followed by fixing at the end of the rod a common glass 
bead, silvered inside, and watching the fiery path which the bead will 
trace out in presence of a candle-flame or strong sunlight. By striking 
the rod at different places or in different ways, the luminous track may 
be made almost infinitely various : sometimes curves of exceeding 
beauty are obtained. This method of studying the vibrations of a rod 
by the rapid motion of a luminous point is the invention of the late Sir 
Charles Wheatstone. 

" The common harmonica, and the claque-bois of the French, con- 
sist of a series of glass, wood, or brass rods, graduated lengths so as to 
give a musical sequence of notes, and laid loosely on two strings or 
rods. 

'* The tuning-fork is simply a bent steel rod whose ends are free 
to vibrate, and whose constancy of vibration-period is insured by the 
stability of character which good-tempered steel possesses: so that it 
may at any moment be appealed to as a referee for the pitch of any re- 
quired tone 

" When a tuning-fork vibrates, each prong may divide into two or 
more ventral segments, just as a string or a straight rod may do. The 
deepest or fundamental tone is got when each prong sways to and fro 
as a whole : the first overtone or harmonic is got when each prong 
divides into two, the second when each divides into three, and so on. 
But, in accordance with the law already stated for vibrating rods, the 
first overtone is not the octave of the lowest or prime tone, but one 
which makes twenty- five vibrations while the first makes four. Thus 
the first overtone of a C fork, which makes 256 vibrations per second, 
will be a note making 1600 per second : and the others rise in the fol- 
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lowing proportions : — While the first overtone makes 9 vibrations, the 
second, third, fourth, &c., will make 25, 49, 81, &c. That is, the vibra- 
tion rates of the whole series of overtones are as the squares of the suc- 
cessive odd numbers 3, 5, 7, 9, etc. The vibration of a tuning-fork 
may be readily shown by bringing it near to a light ball or a small bead 
suspended by a thread ; the bead will be projected to a considerable 
distance." 
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xxn. 

THE history of Sound extends back thousands of years. 
For many centuries it was not known that it could be con- 
veyed by any medium but air. Because of this ignorance, the 
air wave theory became popular, although there were some, and 
perhaps many, of the Greeks who accepted Plato's idea, that it 
consisted of infinitesimal particles of matter that found their 
way through the air to the ear, and thence to the soul. 

A material disturbance happens in the outside world. Very 
quickly, as a result of it, the soul experiences the sensation of 
hearing, a sensation which we find by experience varies with the 
disturbance, and practically is always similar for the same or a 
similar disturbance. The disturbance does not come to us; 
nor is it necessary that we see or touch it, in order to experi- 
ence the phenomenon of Sound. Then must it have produced 
something that in some way delivers to us a picture, or copy, 
or at least gives us accurate information in regard to it. 

To correlate it, a certain amount of education is necessary. 
That is, the soul, every soul, must learn the significance of 
sounds, in order to benefit by them. But this is readily done, 
and thus arises the use and benefit of language, one of the prin- 
cipal means for the education and happiness of mankind. 

But first let us be specific as to what Sound is, For, as we 
have seen, in the confused or ignorant ideas in regard to it, 
even the definition of what it is has been badly mixed, the ab- 
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surd claim being made that it could only exist as there were 
bcin^ to hear it. That is, the definition of Sound and the sense 
of hearing, in the want of knowledge which connected with the 
whole matter, have been confounded. 

SsHind, as we have suggested, is the copy of disturbances in 
U\v^ material world, mostly happening in air, which, carried to 
Ow ear, produces the sensation of hearing. Its existence de- 
pvn\N upon that of disturbance, or shock. So long as storms 
rvl-'l. or the note of a bird, Sound will exist, although it is not 
{\\v nl(»rm or the bird, but a report of the disturbances made by 
Uieiu, sent off as an epistle to notify intelligent beings what is 
ytiin^j on in the natural world. 

Like as a letter conveys information to the person addressed, 
ad does Sound carry information of disturbances more or less 
<listant to sentient beings. It is a communication of nature 
with spirit. 

And as letters must have a regular and consistent form ac- 
cording to certain mutually understood conditions, so sounds 
must have. Letters or words mean certain things, because an 
artificial arrangement has been made between individuals that 
they should ; and sound equally means certain things, or a cer- 
tain thing, what particular thing each means having been 
learned by experience or education. 

Some sounds are very beautiful, like the notes of birds, and, 
at times, of the human voice. 

Light and Sound are to man among the most import^t of 
the phenomena of nature. Light is unquestionably the most 
remarkable, but both are causes of sensation, and there are 
other strong resemblances between them. Light produces vision 
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and colors, and with it are closely connected heat and electric- 
ity. It, too, is infinitesimal particles of matter created in in- 
finite quantities for use in the vast spaces of the heavens, and 
also artificially upon the earth. Its speed is equal to that of 
any material thing known to us, and it excels all in beauty. 

" God said, let there be Light, and there was Light." 

The functions of Sound are confined more closely to the earth. 
It, too, carries its own speed, a very respectable amount for the 
distance it travels. 

In a moment, in the twinkling of an eye, it is created, and 
generally is as quickly dissipated, the machinery that makes it 
being of the simplest kind. Only when it becomes music, that 
is, when held in metals or resounding bodies, does it perform 
its more remarkable phenomena, here illustrating that universal 
principle in nature, that " in union there is strength." On a 
smaller scale, it accomplishes here, what water does by gather- 
ing in rivers, ponds, oceans. It is in these conditions that there 
is opportunity to study it, and hence that most discoveries in 
regard to its action may be made. 

When a tuning-fork is struck by something, or something is 
struck by it, — it seems to make but little difference which, — it 
immediately vibrates, and also emits Sound. And these two 
phenomena are of such spontaneity that by the eye or ear it 
would be impossible to tell which is first. The bookmen have 
advanced several hypotheses in regard to them, all of which, so 
far as we can see, are based upon nothing. 

First, they have the theory, before referred to, that they are 
the result of vibrations of hypothetical corpuscles that are sup- 
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posed to make up the material of a part of the fork, and at the 
same time it is stated that the fork is composed of two other 
sorts of particles. The last apparently are thrown in as ballast. 
But the first are evidently introduced because, in experiments, 
several scientists have found that there were infinitesimal parti- 
cles of matter connected with the vibrations which connect with 
Sound. 

These hypotheses were apparently accepted without much, if 
any, discussion ; by whom introduced does not appear. 

Unfortunately, the old theory of Sound helped prevent right 
perceptions. All of this had to be got rid of before any ad- 
vance could be made. And thus this platitude of hypotheses, 
utterly worthless, has been accepted with the long time vulgar 
theory of air waves, and in spite of many advances in different 
parts of the theory of Sound, has prevented a full exposure of 
its errors to the present time. 
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xxm. 

WE will here call attention to the fact that every proposi- 
tion in regard to the essential nature of Sound, which 
appears in the undulatory theories, is an unproven hypothesis, 
although stated in text-books and elsewhere as a fact. 

This is true of all that is said about sound waves, and it is 
also true of all that is said about particles or corpuscles of which 
bodies are composed moving in them, to make them vibrate. 
There is no truth in any of this. In all such cases vibration is 
caused by an electric force made for the purpose by shock or 
friction, apparently operating through the interstices of the 
body; and, so far as we now remember, always connected with 
the phenomena of Sound. 

The conditions are plain enough. We have different kinds 
of metal, as iron, copper, steel, that being struck are thrown 
vigorously into motion, with which is connected Sound. There 
are two things which we have that we did not have before. 
Motion and Sound ; both evidently the product of the blow. 
There is no reason to suppose that the metal, either kind, has 
changed any, excepting that it moves, but man changes not 
because he moves, neither docs a wagon, or a railroad car, or 
necessarily anything. The motion is something distinct from 
them all ; it makes them move, it makes anything move from 
a ball to a sphere, so long as it remains in the thing. That is 
what it is for. 
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But what is it? It is unquestionably a principle in itself, 
and may fairly be classed as one of the conditions of matter, 
that part of it which moves, and makes other things move if in 
sufficient quantit>'. 

When we say motion is a part of matter, that part which 
moves, we make a very broad definition of matter, including 
ever>'thing which cannot think. That is, it is a division of 
creation into two substances, that which thinks and that which 
does not. Motion has sometimes been called the mind of mat- 
ter, but it certainly does not have intelligence. Nor is it possi- 
ble to conceive of anything moving unless it has substance; 
but all things which have substance, and do not have intelli- 
gence, may be fairly classed in the great division of matter. 
And matter itself is divided into classes or principles, each 
having its own function. And certainly the function of 
motion — to move things — is one of the most important that 
there is. • 

Further, in regard to motion, we know that it must be com- 
posed of infinitesimal particles of a moving substance. These 
to us are invisible, but we know they pervade the pores of 
things, possibly the whole substance as water does a sponge, 
and, as they do it, cause these things to move, slowly or swiftly, 
evidently in accordance with the amount and quality of motion 
which enters into them. 

And this motion, too, thus entering, will pass under certain 
rules or conditions from one body into another. And alwa3rs 
when it does the first body stops, whilst the second, or body 
hit, starts at the same pace, and will proceed so long as the 
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motion continues in it, though gradually this motion is lost by 
friction or impediment. 

We know, too, that motion may always be aroused, is al- 
ways aroused, by pressure or shock. But shock it is that 
always produces Sound. And thus it is that we may see how 
intimately connected are shock, motion, and Sound. 

What, then, is the function of the fork, wire, or other metal? 
Evidently from our knowledge of the effect of vibration, this 
part of the machinery is to make that particular kind of sounds, 
which we call musical sounds. That is, musical instruments are 
in this way made, which, whether of metal or of vocal organs, 
fill the world, and perhaps the universe, with music not only in- 
trinsically useful but some of it most delightful — sweeter than 
honey and the honey comb. 

Motion, then, like sweetness, or beauty, or indeed everything 
else, is one of the principles of which all matter is composed, 
each one performing the special function for which it is made. 
It exists in vast quantities, and can be manufactured with great 
facility, but like all other things can never be obtained where it 
is not, and can only operate where it is. 

In the Phaedo of Plato, Socrates says : 

" I cannot help thinking that if there be anything beautiful other 
than absolute beauty, that can only be beautiful in as far as it partakes 
of absolute beauty — and this I should say of everything. And if a 
person says to me that the bloom of color, or form, or anything else 
of that sort is a source of beauty, I leave all that which is only confus- 
ing to me, and simply and singly, and perhaps foolishly, hold and am 
assured in my own mind that nothing makes a thing beautiful but the 
presence and participation of beauty in whatever way or manner ob- 
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tained ; for as to the manner I am uncertain, but I stoutly contend 
that by beauty all beautiful things become beautiful. That appears to 
me to be the only safe answer that I can give, either to myself or to 
any other, and to that I cling, in the persuasion that I shall never be 
overthroi^Ti, and that I may safely answer to myself or any other, that 
by beauty beautiful things become beautiful." 

This IS a splendid perception by the ** Master Mind of the 
Ages" of the principles upon which the universe is constructed, 
of which there are millions and every one the best possible for 
its purpose. Nor is there anything superfluous, but in each 
case the particular principle wanted is used to furnish its part 
of the material necessary for the production of any or all the 
different things which constitute the universe. 

Plato says : ** By beauty all beautiful things become beauti- 
ful/* And adds: "And this I should say of everything." 

But among these principles, and one of the most important 
of all, is that of Motion. 

Unquestionably it is responsible for the movement of mat- 
ter throughout the universe. It is the principle in creation 
made to do this part. No other connected with matter can be 
its equal. No other can exist in such quantities, or be so often 
used. 

Constantly it is drawn upon in the billions of existing things; 
in many comparatively little, but in all some, if only enough to 
provide for change and decay. 

And so, too, we think that this, as all other principles of 
which the universe is composed, exists in its purity. 

Thus may we account for the, to us, marvelous speed of 
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light and electricity, or the beautiful display of the aurora in 
the star-lit heavens. 

But it is no more true that these different principles exist in 
the universe, than that, when wanted, they must be sought 
where they may be found, and obtained through the processes 
appointed for such purpose. 

It is well known that pressure and also shock produces 

motion, under some circumstances any amount of it, and under 

all circumstances some. Shock or friction, and pressure, are 

among the most common means of obtaining motion. Strike a 

ball, and, if the blow is good, see how quickly it will soar into 

the air. 

It becomes, then, evident that the shock which produces 

Sound must produce motion. It does produce motion in Sound, 
a splendid quality of it, that will carry it in all directions, and 
through different mediums. This comes from the blow. And 
being moving matter, Sound makes different bodies vibrate in 
which it is confined, as the prongs of a tuning-fork or wires of 
a piano, and thus, too, directly or indirectly, makes the grapho- 
phone record. 

Ignoring these facts and burdened with undulatory theories, 
the hypothesis, before mentioned, has been advanced, by whom 
we do not know, nor why, but it has been generally accepted 
in text-books, that solid bodies are composed of different kinds 
of particles of matter, the smallest of which are termed corpus- 
cles ; that these last are incited by a blow to make metals and 
the prongs of a tuning-fork vibrate, how, is not told, though it 
is admitted that belonging to solids they cannot themselves 
separate from each other, as particles of fluids can. There is 
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nothing whatever to warrant such an hypothesis, and on the 
other hand positive testimony that it is not true. It is going 
to a rock for water, instead of a spring. 

All motion comes from supplies of motion wherever they 
flow, infinitesimal and unseen, but always at command. And . 
it follows that the motion which takes place in Sound belongs 
to that part of matter which circulates through bodies, and not 
to that part which makes them. That is, to fluids and not to 
solids. 

Changing the words beauty and beautiful to motion and 
movable, for the principles operating are precisely the same, 
we can suppose Plato to say, *' I can not help thinking that if 
there be anything movable other than absolute motion, that 
can only be movable in as far as it partakes of absolute motion 
— and this I should say of everything. And if a person says 
to me that the form, conditions, or anything else of that sort is 
a source of motion, I leave all that which is only confusing to 
me, and simply and singly, and perhaps foolishly, hold and am 
assured in my own mind that nothing makes a thing movable 
but the presence and participation of motion in whatever way 
or manner obtained ; for as to manner I am uncertain, but I 
stoutly contend that by motion all movable things become 
movable. That appears to me to be the only safe answer that 
I can give, either to myself or to any other, and to that I cling, 
in the persuasion that I shall never be overthrown, and that I 
may safely answer to myself or any other, that by motion mova- 
ble things become movable." 
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XXIV. 

THAT Sound makes vibration is again demonstrated from 
the fact that the vibration in any instrument always begins 
with the sound, and ceases when the sound stops. 

Take a tuning-fork ; the prongs of the fork begin their vibra- 
tion with the advent of the sound, vary it precisely as the sound 
may be Varied by being drawn off from the fork, and stop when 
the last bit of sound leaves the fork, nor do they stop before. 

If the sound did not make the vibration, why should this 
vibration begin, stop, or vary, as the sound begins, stops, or 
varies ? 

If we saw that a weathercock always turned with the wind, 
and never turned unless the wind did ; and that if the wind 
was light it turned slowly, but if strong quickly, we should be 
justified in saying that the wind turned the weathercock, and 
should not be justified in saying that the weather-cock turned the 
wind. 

After the shock made by striking the tuning-fork, we know 
that Sound is in the tuning-fork, for we can hear it. We can 
also draw the sound from the fork, and conduct it to our brain 
or elsewhere. 

Shock, then, makes Sound. Sound is motion, and this of 
necessity means some substance in motion, that is, matter 
in motion, unable to get out of the fork except slowly and 
making the prongs of the fork vibrate, when they constantly 
throw off more or less of the sound, probably always, other 
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things being equal, enough to supply the ears effectively when 
the fork is quite near them, especially if the flat sides of the 
fork are parallel with the ear. 

Sounds thus confined are audible for only a short distance, 
but if conducted, as they can readily be, to sounding-boards, 
as of a piano or violin, or reinforced by the unison vibration of 
air or other bodies, they will be heard far more clearly, and 
for much longer distances. The universal principle, again, in 
nature that effects are proportionate to amounts. 

For because of the extended surfaces of the sounding-boards, 
and perhaps for other reasons, Sound is thrown off far more 
rapidly from them than from wires or strings. And, as we have 
seen, it can be conducted far more quickly from the tuning- 
fork or other such musical instrument, than it can be thrown off. 
A tuning-fork which, suspended by a fine cambric thread, would 
vibrate 252 seconds, if its stem is placed upon a thin pine 
board of good size will be emptied of Sound in 10 seconds. 

Perhaps nothing starts off in life with more activity and inde- 
pendence than Sound, but its life lasts only a few moments, 
when the motion returneth to the source from whence it came ; 
and the sounds, though they be exquisitely beautiful, and float 
as gaily as a banner in the air, in another moment fade and die 
like an exhalation of the evening. 

The ability of sounds to impress themselves upon the mind, 
or. perhaps, rather to arrange themselves in the brain, is accom- 
plished, we think, in a similar way as the graphophone or teleg- 
raphone record is made. And thus we have the inemor\' of 
sounds arranged for in the brain as those of vision are, that is 
by records. 
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And this again illustrates how Light and Sound have so 
many characteristics in common. In the great schools of crea- 
tion they are equally engaged in educational purposes, one 
operating by vision, the other by the sense of hearing. 

And these schools belong to our present existence. Doubt- 
less they are duplicated in the different spheres, only adapted 
to the different conditions of learning which may exist in these. 
Doubtless, too, there are other and greatly advanced systems 
of learning in which the studies are taught that connect with a 
higher existence, which the Bible speaks of as Spiritual. But 
all this lies beyond, and will be unfolded as we enter it, or as we 
are fitted for it. Our duties now are here, where, whether we 
realize it or not, we are being taught in nature's system of 
schools, without money and without price. 

And thus silently the arrangements are made so that Sound 
finds its way to the brain, assisted by the auditory nerve and 
much other remarkable machinery, where it is retained at the 
command and for the use of the individual. By accident 
man has been able to use it in making the graphophone and 
telegraphone records. 

We have seen, that by sweetness things become sweet; by 
odor, of which there are many kinds, they become fragrant, — 
and with the particular odor that enters into them ; by flavor, 
the particular flavor which belongs to them, they may be 
tasted ; it is equally true, — for this is a fundamental principle 
in the construction of the universe to which there are no ex- 
ceptions, — that by motion, the principle of motion, things are 
moved. By motion also Sound is created. 
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Why, then, are hypotheses introduced, that motion origi- 
nates where it does not exist. 

The fork lies motionless wherever it may be, and would so 
lie until rust by a very slow process destroyed it. 

So far as we can see, all of these hypotheses connected with 
the formation and character of Sound are based upon nothing. 
On the other hand, that Sound is created by shock or friction 
is of itself reasonably certain, as Sound is known to be elec- 
trical, and electricity is made by friction, which is a succession 
of diminutive shocks. 

Let us now analyze the character and actions of Sound, 
to do which there is such remarkable opportunity that it 
wouldn't seem possible that any mistake could be made as to 
its essential nature. 

First, directly after the blow, but never before, it appears in 
the fork, or other musical instrument, which it makes vibrate 
rapidly, and from which it is thrown off slowly into the air. 
But plenty of Sound remains in the fork for us to experiment 
with, and we find that it can be conducted from the fork 
rapidly by placing the stem upon a thin pine board or ordinary 
deal stick. 

In this experiment, we would call attention again to the fact, 
that the vibration of the fork lessens in exact proportion as the 
sound flows from it, which we consider as absolute proof that 
the sound makes it. For if the vibration made the sound, there 
couldn't be any reason why it should stop when the sound 
flowed away; but if the sound made it, it must stop instantly. 
It also decreases proportionally with the sound ; that is, if the 
sound runs out faster it decreases faster, varying exactly and 
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at all times with the sound, showing conclusively that it is 
caused by the sound. 

By placing the other end of a deal stick in the mouth, the 
sound will be carried rapidly from the fork to the head, where 
you can recognize it to be a precisely similar sound as escaped 
from the fork through the air to your ear. 

The principle of unison vibration furnishes another complete 
proof, as. we have before shown, that Sound makes vibration in 
musical instruments. 
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XXV. 

nPHE sounding body is the source of Sound, although, 
* as in every occurrence of nature, there are antecedent 
causes, any number of them, essential to the operation of this 
immediate cause. These antecedent causes are first the shock 
or disturbance, and back of the shock electricity and undoubt- 
edly other matter, to furnish the material from which Sound 
is made. 

That the sounding body determines the character of Sound, 
as we have seen, can be demonstrated by the graphophone 
record. We know each sound will always reproduce itself, 
either in the mind or graphophone record. For the sound 
of a robin we look to the robin, for that of a bell to a bell. 
And so each sound is made by a particular instrument, and 
always a similar sound by the same instrument, as each shingle 
or clapboard or board or plank is, in a saw-mill. 

Shock submits certain electrical matter to the action of differ- 
ent bodies. Evidently each body is constructed, or at least 
most bodies are constructed, upon a different plan in the char- 
acter, form, and arrangement of the particles composing them. 
And therefore when the material made by shock, and which 
consists of moving matter, circulates through these bodies, it 
causes them to vibrate differently, by which vibration the 
sounds are undoubtedly in part manufactured. It would 
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appear, too, that the moving material, enters into the com- 
position of these sounds. 

These vibrating bodies are mills for the manufacturing of 
Sound, as much so as the different mills made by man are for 
the manufacturing of the things which they produce. And 
thus machinery is just as essential in determining the character 
of Sound, as in the case of anything made by man ; these are 
fundamental laws of creation, prevailing everywhere in connec- 
tion with material things. 

And this Sound is one of the great gifts provided by nature 
for the use of intelligent beings, free to all. And there are in- 
finite varieties of it, but the market it supplies is also infinite. 

It follows that the following things are demonstrated with 
absolute certainty in regard to Sound : 

It is caused by disturbance or shock, which of necessity is 
motion or a result of motion ; it represents an exact picture or 
copy of the disturbance, as we have before said, as much so as 
the picture made by vision of a tree is an exact copy of the 
tree. 

The substance, of which Sound is made, moves similarly to a 
shooting star, or the aurora borealis, or electricity, or anything 
else that moves, and evidently by the same or a similar force. 
That is, Sound moves, like everything else that moves, because 
of the principle of motion, and in accordance with the amount 
of motion connected with it. And so a wagon moves, the honest 
horse manufacturing motion by a pull. And thus, too, man 
manufactures motion when he strikes a ball or throws a stone. 
And this is that principle which constitutes the life of the 
universe, and thus is sometimes called the mind of matter. Cer- 
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tainly it keeps everything from stagnation, and makes of the 
universe a palace to live in, which the poor, as well as the 
rich, have an equal chance to occupy. There is room enough 
for all, and everyone may improve his chances by honest labor. 
The air, the water, the light, and the scenery are furnished free. 

And unquestionably Sound can represent the most delicate 
possible distinction in motion, and hence comes the most deli- 
cate possible distinctions in Sound. The mind is perfectly 
capable of understanding all this, and does understand it, as it 
docs many other of the wonderful works of nature, with ven- 
eration and awe. 

As wc have seen. too. the sound, manufactured through the 
operation of this machiner>-, may produce an instrument, which, 
if disturbed as the original body was, will reproduce the sound ; 
that is, make another body, perhaps a veTV different body, but 
able when disturbed by shock to recreate the sound which 
made it. 

And app;ircntly this might be continued indefinitely, the same 
as, by light, pictures may be indefinitely reflected in mirrors. 

Thert' is» ho\\>?\"er, this difference, that in one case there is 
the ov^py of a substance at rest, and in the other of one in 
OKnion. \Yc wx*uld suppose the lost to be the most dimcult 
tv> make, but cannot with certainty* see that in any other respect 
thev differ \^r\- much, and not at all so far as each is an exact 
cv^rv v^: what i: represents. 

A:n5 :n e\*er>' cose results obcatsed OMiy vary in size, or in- 
teasirv\ ar^^: therefore be fitted fc>r the scale of sae in vhach thcv 
occur. We ar^ assjuciing: that is soaae way Ak scale ^ ol in- 
aca. which seeois :>^ces^JL^^* to scstain tiie iact 
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in the retina of the smallest eye the whole heavens with all the 
spheres which they contain are perfectly reflected. 

The intensity of Sound, which depends upon, and indeed 
means, its amount, is proportionate to the strength of the dis- 
turbance. 

And equally according to the amounts will be the distance 
which the sounds will flow. This, too, other things being equal, 
is a universal law. 
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XXVI. 

pROFESSOR TYND ALL in his book " On Sound," says : 

" From a boat in Cowes Harbor, in moderate weather, I have often 
watched the masts and ropes of the ships, as mirrored in the water. 
The images of the ropes revealed the condition of the surface, indi- 
cating by long and wide protuberances the passage of the larger rollers, 
and, by smaller indentations, the ripples which crept like parasites over 
the sides of the larger waves. The sea was able to accommodate itself 
to the requirements of all undulations, great and small. When the 
surface was touched with an oar, or when drops were permitted to tall 
from the oar, into the water, there was also room for the tiny wavelets 
thus generated. This carving of the surface by waves and ripples had 
its limit only in my powers of observation ; every wave and every ripple 
asserted its right of j)lace, and retained its individual existence, amid 
the crowd of other motions which agitated the water. 

"The law that rules this chasing of the sea, this crossing and inter- 
mingling of innumerable small waves, is that the resultant motion of 
every particle of water is the sum of the individual motions imparted 
to it. If a particle be acted on at the same moment by two impulses, 
both of which tend to raise it, it will be lifted by a force equal to the 
sum of both. If acted upon by two impulses, one of which tends to 
raise it, and the other to depress it, it will be acted upon by a force 
equal to the difference of both. When, therefore, the sum of the 
motions is spoken of, the algebraic sum is meant — the motions which 
tend to raise the particle being regarded as positive, and those which 
tend to depress it as negative. 

" When two stones are cast into smooth water 20 or 30 feet apart. 
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round each stone is formed a series of expanding circular waves, every 
one of which consists of a ridge and a furrow. The waves touch, cross 
each other, and carve the surface into little eminences and depressions. 
Where ridge coincides with ridge, we have the water raised to a double 
height ; where furrow coincides with furrow, we have it depressed to a 
double depth ; where ridge coincides with furrow, we have the water 
reduced to its average level. The resultant motion of the water at 
every point is, as above stated, the algebraic sum of the motions im- 
pressed upon that point. And if, instead of two scources of disturbance, 
we had ten, or a hundred, or a thousand, the consequence would be the 
same ; the actual result might transcend our powers of observation, but 
the law above enunciated would still hold good. 

*' Instead of the intersection of waves from two distinct centres of 
disturbance, we may cause direct and reflected waves, from the same 
centre, to cross each other. Many of you know the beauty of the 
effects produced when light is reflected from ripples of water. When 
mercury is employed the effect is more brilliant still. Here, by a proper 
mode of agitation, direct and reflected waves may be caused to cross 
and interlace, and by the most wonderful self-analysis to untie their 

knotted scrolls. 

'' This power of water to accept and transmit multitudinous impulses is 
shared by air, which concedes the right of space and motion to any 
number of sonorous waves. The same air is competent to accept and 
transmit the vibrations of a thousand instruments at the same time. 
When we try to visualize the motion of the air — to present to the eye 
of the mind the battling of the pulses direct and reverberated — the 
imagination retires bafHed from the attempt. Still, amid all the com- 
plexity, the law above enunciated holds good, every particle of air 
being animated by a resultant motion, which is the algebraic sum of all 
the individual motions imparted to it. And the most wonderful thing 
of all is, that the human ear, though acted on only by a cylinder of that 
air, which does not exceed the thickness of a quill, can detect the com- 
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ponents of the motion, and, by an act of attention, can even isolate 
from the aerial entanglement any particular sound." 

The above is a very handsome literary passage but not a 
single phrase in it has the remotest connection with Sound. 
That "the sea is able to accommodate itself to the require- 
ments of all its undulations, great and small," or, indeed, to 
any and all things which take place upon its surface, or in it, is 
without question correct ; and so, too, is the whole world. For 
everywhere on land or sea a wonderful variety of things is 
always taking place, and there is room for the whole. 

The law of resultants is perfectly sure to hold good any- 
where, and under any circumstances. Doubtless, too, in air, 
though we cannot always see it, many and some quite remark- 
able occurrences are constantly taking place, with abundance 
of both room and opportunity. 

A snowstorm is now going on outside as I write, and a 

hundred thousand millions of very fine and rapidly moving 

snowflakes find abundance of room to make their way from 

the overhanging clouds to the whitened earth, where, too, there 

will be plenty of room for them, perhaps the remainder of the 

winter. But all this has nothing, or very little, to do with 

Sound. 

The waves which Mr. Tyndall refers to, when a stone or 

stones are cast into still water, have nothing to do, directly or 

indirectly, with the method by which Sound is transferred. 

The myriads of snowflakes driven before the storm are far 

more representative of Sound and its manner of journeying, 

although at their swiftest pace neither in size or speed do they 

compare with it. 
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We have met with a great deal of flattering mention of these 
water waves in different books on Physics, but never any com- 
plete, and seldom any partial, description of the forces by 
which they are made. 

All water waves have a depth, which is called their ampli- 
tude, from crest to sinus (hollow), or sinus to crest, of about 
one to ten as compared with their length. This is an indis- 
pensable characteristic of water waves, as much as sphericity 
is of a sphere, or roundness of a circle. 

Disturbances made in the water below the surface spread 
but a little way toward the top. The disturbance made by a 
fish is seen only when the fish is near the surface, and good- 
sized stones or other bodies which, thrown into a pond, would 
cause a system of waves that would extend many rods, will^ 
when dragged upon the bottom at four to six feet of depth, 
cause no waves upon its surface. 

The water waves which form so magically and spread so 
beautifully are produced by the different principles of motion, 
especially gravity and momentum. 

A force or motion is imparted to the stone by the one who 
throws it, which is increased by gravity, when a resultant 
motion takes place and the stone enters the water, pressing it 
downwards and laterally, which thus starts the first ring of waves. 
In this ring there is quite a movement of the water thrown up 
by the stone. This is illustrated in throwing a stone beyond a 
chip or article floating on the water, to bring it shoreward. 
Immediately, because of gravity, the water rushes in to fill the 
space through which the stone passed. In doing this it rises 
above the normal level, thus starting the second ring of waves. 
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The water is again drawn down by gravity and between the two 
forces (the motion first caused by the pushing of the stone, and 
gravity) oscillates a number of times, forming each time a ring 
of waves, whose height decreases as the rings enlarge. 

Thus far we have but one system of waves. But if other 
stones are cast into the water, other precisely similar systems 
will be formed, which, unless too numerous, will, by the principle 
of resultants, pass through each other. And this because of the 
mobility of water, which will permit each different particle to 
separate or not from its comrades, and thus conform to the 
numerous forces, individual or resultant, influencing it. 

There will, however, be a certain amount of visible disar- 
rangement where the different systems meet. 

All of this readily takes place, and can be perfectly under- 
stood. The water adapts itself to the different conditions 
because of its mobility ; and thus the disturbances can be car- 
ried for considerable distances without any particular body of 
water moving far horizontally, though over a large surface, as 
influenced by momentum and gravity, it may rise and fall for a 
short time. But this is all that could happen, for the particles 
are small and the forces that impel them limited by the condi- 
tions. 

And so a body of soldiers might keep time in lifting up and 
replacing their feet constantly in the same tracks, and if there 
were large numbers of them, such movement might exist over 
a large surface of ground. But it would result in little, for 
the movement is too contracted. To accomplish what they 
are intended for, the soldiers must march. 

The birds make long distances, from the equator to the Arctic 
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circle; provisions and products of all kinds are transported 
from where they grow, or are manufactured, to where they are 
used ; light flies from the illuminating body to the locations 
which it illuminates, and Sound from the place of disturbance 
to the ear where it makes known its messages. 

That Sound in its essential nature is different from other sub- 
stances is not true, or indeed that there are any substances or 
any effects by any different methods than the usual one of 
existence and contact. 

The last paragraph quoted from Mr. Tyndall is without any 
warrant whatever, and in the way that it is intended absolutely 
devoid of truth. 

Sound as we all know uses air as a medium, and a very im- 
portant one, to pass through, the same as vessels use the ocean, 
or railroad trains the earth, and quite probably draws from it, 
in part or in whole, the material for its own manufacture. All 
suggested beyond this by Mr. Tyndall is purely imaginative, 
and utterly worthless. 

By a law of differences wide extended as the universe, things 
are created differently. In every case a thing is different to a 
certain extent from every other thing. This difference may be 
very slight or it may be very large, but it always exists. And, 
as in Sound, every body has its normal vibration, so everything 
has its normal use. It is made for a purpose. And thus, 
throughout the universe, there arc innumerable different things 
to be accomplished ; and so far as these are different, there will 
be corresponding differences in the things made to perform 
them. Order is nature's first law. That different things have 
different functions, and that every particular function is accom<« 
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plished by some particular or appropriate design, is always 
true. And this is equally true of animate or inanimate things; 
and therefore is it true, that you cannot gather grapes from 
thorns or figs from thistles. 

It follows that there are principles to perform every purpose 
in this infinite universe, as many and as various as the things 
to be performed. And this, as wc have already said, is equally 
true of motion as of any other principle. And therefore all 
movement comes from a single principle, that of motion made 
to create it. 

Any thing that moves is governed by the amount of motion 
that moves it, and amount of resistance, from whatever cause, 
to the movement. In accordance with these principles, particles 
of water, in the system of waves referred to, do not move very far, 
alternating constantly in short distances. And as there are 
no new principles involved, there are none to be drawn from ; 
nor any suggestion that under any circumstances there are any 
other principles of movement excepting, that anything, when 
moved, passes from one place to another, the distance depend- 
ing upon the amount of moving power, and resistance. 

The movement of grain or cornstalks in a field has been 
mentioned as similar to wave motion, which is not at all true. 
In water every particle moves as a whole. The grain stalks do 
not, each one being fastened in its place. They bend but do 
not make a complete movement, acting in this respect similarly 
to a tree. The movement of either would be impossible with 
sounds, or any movement that did not carry the photograph 
or copy of the disturbance from the sounding body to the ear, 
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for that is what it is made for. Gravitation the principal force 
acting in water waves, cannot affect Sound. 

Sound is a system of signals for the purpose of conveying 
information, and imparting pleasure, to sentient beings dwelling 
in material conditions. And nature accomplishes this in her 
usual and only method of operation, at least in material condi- 
tions, by conveying combinations of matter sufficient in number 
to represent all possible sounds, and this means practically a 
possible sound for every material body; and things are ar- 
ranged so that this can be done. That is, material bodies are 
made capable of doing this. And these, — as we have said, for 
it is important in such discussions that fundamental principles 
should be constantly borne in mind, and therefore a certain 
amount of reduplication is not only excusable but necessary, 
— ^are accomplished by the one method that nature has adopted 
for interaction between mind and matter, the introduction of 
combinations of matter to the soul. 

Nor is it possible for the human mind to conceive of any better 
method for all the purposes of creation than this ; a law abso- 
lutely without limit in the possibilities of results in any direc- 
tion in which it may be used. 

Included in it are time and space, as well as action, so that 
things can pass each other— all things, any number of things. 
And this is the universe in which we live, where apparently 
the infinitely small may be just as assertive and useful as the 
infinitely large. And therefore the smallest mixtures of matter, 
which can fill the air as full of particles as a snow storm, will 
perform their functions as certainly and accurately as the 
largest. 
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In all such cases the thing itself must go ; rivers by their 
tourses through large tracts of country from the mountains to 
the sea ; people and animals constantly in motion, by which 
intercourse takes place; movement everywhere, a veritable 
movement of bodies, and nowhere greater than in the vast 
spaces which distinguish the heavens. Here every particle of 
air moves in freedom; and here it is that light passes from 
sphere to sphere. The trees are fastened in their placed, but the 
leaves are as free to move as the dust, or the birds, except that 
they depend upon outside forces for their motion. The univer- 
sal principle of action is movement, naturally free to intelligence, 
more or less restricted with inanimate things. The spheres 
are held to their courses, and ordinary matter is quiescent 
unless the principle of motion is introduced to move it. Life 
in its full sense means motion constant and free. Liberty 
is freedom to go where we please, and to do what we please, 
but restriction may be desirable or even necessary. 

Two friends meet, or have correspondence pass between 
them ; but no communication passes unless some substance 
passes. This is the one and the only law by which intercourse 
takes place, or one substance affects another, to which Sound is 
no exception, but is composed of matter — unquestionably very 
diminutive in size, according to our idea of size — which makes 
the journey from the cause of disturbance to the listening ear, 
and there affects the mind by this only method known in nature, 
contact of matter,— designed for this especial purpose, — ^with 
spirit. 



THE NEW PHYSICS 1 99 



xxvn. 

CERTAIN general facts have become conspicuous in this 
discussion and may be made so to all. First, that Sound 
has nothing whatever to do with air pulses, or with air, except- 
ing as a medium to pass through, or, if the statements of all 
text-books and encyclopaedic articles on Sound are true, that 
its intensity depends upon the density of the air in which it is 
made, a source of material for its manufacture. 

If the statements thus made are true, and we know of no 
reason to doubt them, Sound is certainly composed in part of 
material drawn from air. 

The experiments of Hauksbee and Priestley, tried repeatedly, 
showed that Sound made in air of double density could be heard 
twice as far, and if made in air of triple density, three times as 
far, although in each of these cases, the sound, after leaving the 
glass jar where it was made, was carried by air of single density. 

We know of no possible explanation of this except that 
Sound depends upon the density of the air in which it is made, 
I because the material or a part of it from which it is made comes 
from air. 

The great electrician Oersted demonstrated that Sound is 
composed in part of electricity, and this, we think, is one sub- 
stance drawn on in air for the manufacture of Sound. Electricity 
is known to exist in air, at least to a considerable extent, and 
there would appear to be no other source for it when sounds are 
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made in a glass jar, and, generally, no more natural source than 
this. 

Trying to conform to a bogus theory of Sound, those who 
discovered that the intensity of Sound depends upon the density 
of air where the sound is made, tried to explain it, — and so 
scientists of the present day do, — by asserting that it showed 
that air of a double density was necessary to carry Sound of 
a double intensity. It showed nothing of the kind It simply 
showed that there was sound of this quality to be carried, 
and such sound could only be got where there was air of double 
density. Certainly no air of any density could carry any Sound 
unless there was Sound to carry; you must catch your hare 
before you cook him. The fact that this sound of double 
intensity was perfectly carried by air of single density, when out- 
side of the jar in which it was made, is additional and positive 
proof that the carrying power of air alone does not explain 
the problem. That it was thought to, only shows how difficult 
it is to get out of a rut. It did not and could not show this. It 
did show that in air of double density there was material 
to make such sound, and that it made it; and that air of a 
triple density made sound of a triple intensity; and that either 
of these qualities of sound, as well as sound of single intensity, 
could all be carried by air of single density. And if experi- 
ments reported of hearing sounds made on the earth in balloons 
at a great height are correct, air of far less than single density 
will carry sounds of full intensity, as well and as far as they 
would be carried upon the earth by air of full density. 

These facts alone demonstrate Sound to be corpuscular, — 
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largely made from material gathered in air, of which electricity 
would appear to be a most important factor. 

That Sound is not air pulses is proven repeatedly both 
positively and negatively. For we know it is something else. 
We know it is made out of air in whole or in part, as has just 
been proven. We know that it is made in a body, as a tuning 
fork, and with difficulty gets into the air, whilst it may be easily 
conducted through other bodies at long distances and great 
speed, many times faster than in air, and thus can be conducted 
into the head without ever entering the air. All statements that 
it is conducted in air or anywhere else by condensations and 
rarefactions, or any so-called wave system, are absolutely false ; 
and therefore is it that when we have repeatedly offered $1000 
and $2000 in the leading scientific and other Journals of America 
and Europe for proof of this, there has never been one word of 
response. 

Again, Sound has no effect upon flames, except in rare 
instances where a flame and the sound have the same normal 
vibration. Otherwise make any amount of Sound near a 
flame, any flame, as a lamp or candle, being careful not to start 
pulses of air, and it will not affect the flame a particle. Any 
one can try this experiment very easily. On the other hand, a 
very little disturbance of the air will extinguish them. And if 
Sound was air pulses, it would extinguish them. 

And yet again, the statement that the destruction caused by 
explosions has anything to do with Sound, is entirely erroneous ; 
all such destruction comes from pulses of air, or gases. Sound 
in all cases and everywhere is harmless; it wouldn't hurt a {\y. 
The lightning will kill, but the thunder never injures. As we 
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have mentioned, the speed of Sound is always some six times 
greater than the fastest hurricane or tornado, which are com- 
posed of pulses of air, and therefore the sound of a storm 
always precedes the storm, and the sound of a severe storm at 
one side of you, may be heard long distances where the storm 
does not come at all. 

All of this shows that so-called sonorous waves are entirely 
mythical. On the other hand air is exceedingly useful, as we 
have repeatedly mentioned, as a medium for Sound to pass 
through, or at times to vibrate in. 

Sound in all cases is corpuscular, composed of infinitesimal 
particles of electrical matter, so small that they can pass each 
other in infinite numbers, like particles of dust, and so small that, 
like far the greatest number of things, they are invisible to us. 
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XXVIII. 

THE following, which gives further light upon the hitherto 
unexplained part of this subject, we quote from " Ellen," 
Vol. III., because of the great convenience and assistance of 
the dialogue in such researches : 

** Because of this principle of motion is it, as Ellen has sug- 
gested, that Sound can make a graphophone record or telegra- 
phone record. If it was not itself in motion, it would not do 
this at all; and if its motion was not an exact copy of the 
disturbance it represents, it could not do it at all; as it is, 
under certain circumstances, it cannot help doing it, any more 
than any machinery properly placed can help doing what it is 
made to do. But it would not be possible for Sound to make 
the indenture, or the plow to do the ploughing, or any instru- 
ment, or machinery to do the work it does, if it was not designed 
to do it. And this is true of every material thing. 

"With careful study, the whole process of this remarkable 
thing Sound becomes plain. In the first place this principle 
was evidently arranged for in the creation, from the fact that 
every body, or practically that, has its normal vibration. Then 
comes shock, the great precursor of motion ; and this motion 
is produced in the body struck. There can be no possible 
question that the shock arouses motion, for it always does 
it. But in this case, and in all cases if the body be hard, 
Sound is also produced by the blow. And Sound is motion, 
that is matter in motion, and therefore makes bodies vibrate in 
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which it is made, or through which it passes. And the same 
body always makes a similar sound, and, if a material body, 
can make no other. These different brands of sound vary in 
the same manner, as the different kinds of apples, or pears, 
or plums, or any fruit or grain or vegetable ; and are made in 
a similar way, as the different trees, or vines, or roots, make 
the different kinds of apples, if all the trees are apple trees ; or 
of fruits, if representing different kinds of fruit. 

" In all cases, each body, whether sound-producing body or 
fruit-producing body, will produce one kind, and always the 
same kind, and their product, whether Sound or fruit» or the 
product of any other producing thing, will be composed of 
matter, in every case more or less different, gathered and com- 
bined by processes which the infinite Creator has established 
for such purpose. Then must the effect of Sound upon the 
mind come directly from the substances composing the sound, 
and the manner in which they are blended. 

"And this is as we might expect. For all the effects of fruit, 
or vegetables, or grain, or any material thing which by contact 
influences the soul, come from different combinations of matter 
introduced into the body. 

"Why this similarity? Because, as Ellen thinks, the same laws 
control in each. Each different body makes a different sound ; 
and each different tree raises a different fruit. Always the same 
body makes a similar sound, and always the same tree yields 
the same fruit. Certainly in these respects similar laws control 
them. 

"As regards the trees, or any bush, or any flower, we know 
that the fruits of each and all are composed of different elements 
of matter, brought together and united by the machinery of the 
trees and flowers. 

" In a precisely similar method, we know that the sounds 
of all sounding bodies are composed of different elements 
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aroused and combined by shock and the machinery of these 
bodies in which it is made and which become mills for deciding 
the character of the sound, when it is thrown off by the vibra- 
tion. Similarly the saw-dust from the lumber is used to create 
the steam which runs the saw-mill. The sounder, also, in 
wireless telegraphy, performs two functions, reproducing the 
signal and tapping the coherer. And so, often, in coal mines 
the refuse is used for fuel to supply the necessary steam power. 
And thus, too, logs are sawn into strips by one set of machinery, 
and turned into different things, as spools, boxes, etc. by very 
different machinery. It is, indeed, a very general condition in 
the things which man makes, that they are partly made by certain 
machinery and finished off by other. 

'*And thus, because they are compounded of different materi- 
als, at least a different mixture of materials, sounds affect mind 
differently, but are not different in this respect from other things. 
For this is the one law and only law by which mind is affected 
in material conditions. And in every case the thing which 
affects it, — itself composed of matter, — must be brought into 
intimate relation with the soul, by admission into the body. 

•* There is no other possible way by which sounds can be 
heard ; nor can there be any mistake as to their nature if thus 
introduced, provided the sensation of hearing is in normal 
condition. 

" If it is not, artificial assistance can be had by an ear-trumpet 
or other instrument, all working to introduce more of the same 
sound into the ear. In failure of vision, glasses are used for a 
similar purpose. That is, the glasses converge more light to 
the eye, and the ear-trumpet, megaphone, or other such in- 
strument, more sound to the ear. 

"Why, in either case, the sensation of sight and hearing should 
be improved, Ellen does not know, but she can easily suppose 
that that substance which produced a sensation might be more 
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efficient when used in larger quantit>s for this is a general, 
if not universal, law of nature." 

** But/' I asked, " when a bell sounds, does not the copper or 
metal affect the tone, and the character of the sound? '* 

"Form and substance must decide, in part at least, the 
nature of the vibration/' she replied, '' assuming that Sound or 
any other substance causes a body to vibrate by circulating 
within it For in such case, and that would appear to be what 
takes place, and indeed, what we have proven to take place, 
we should expect the movements of the body to depend upon 
its construction, as well as upon the force that operates it. 

" Something certainly gives to every sounding body its pe- 
culiar character of sound. With every one it is differenL Or, 
stating things in the order in which they occur, ever>* boch* so 
operates on sound circulating in it or through it as to make of 
it a particular sound, so that always the same or a similar 
body produces the same or a similar sound, — ^the same body 
always the same sound, and different bodies, different sounds. 
But there may be a few bodies constructed similarly so as to 
produce the same sound ; in which case they are said to have 
sympathetic or unison vibration, for these bodies, as Ellen has 
shown, are thrown into vibration by this thing Sound, caused bv 
shock, circulating in them ; and this vibration may be used as an 
index of the kind of sound which this particular machine or 
body produces. 

" Every body under these circumstances will ha^'e what mijr 
be called its normal vibration; though this is peculiar witL^ 
certain bodies, especially musical instruments, in this respect^ 
that in different ways they can be manipulated so as to prodoc^ 
different sounds, and some, as air or string instruments, neadjr 
all sounds. 

"A universal system would appear to exist for perfectiiigor 
making the varieties of things, and every body acts as i 
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machine to produce a particular variety of sound. It is here 
that the scientists went to pieces, for they assume that vibra- 
tion makes Sound, when a little careful study shows that Sound, 
always produced in a body by shock, makes vibration. And 
on the other hand, each body in which Sound is made, acts as 
a machine to mould or shape the particles of Sound circulating 
through it, whence come the varieties of sound. For every 
hard body, being of different construction, affects these sounds 
differently. 

** In all cases Sound is made by the usual law of combination 
of matter, as an apple, or a peach; nor does the apple tree, 
peach tree, or sounding body lend of its own substance to the 
thing formed; a tree, flavor, and the sounding body, tone. 
But instead, they act as machinery to make the fruit and make 
the sound. 

"They have nothing to do with the material, except to assist 
in its mixing. In this respect they are like most machinery 
— if not all. A cotton, woolen, or silk factory manufactures 
cotton, woolen, or silk goods, but the goods are entirely made 
out of the cotton, woolen, and silk. The same would be true 
if the goods were made of marble, granite, slate, or any kind 
of stone ; or of brass, copper, iron, or any kind of metal ; and 
the same is true if they are made of Sound. They do not 
partake at all of the machinery of the mills which make them ; 
without this there could not be any goods, but it does not enter 
into their composition. Here again we reach the principle of 
the Universality of Natural Law, and thus can interpret the 
unknown by the known. 

•* The different kinds of light, or of taste, or of color, follow 
in the same category. And so it is with everything. This is the 
way that things are made; the wonderful law of varieties. 
There isn't any other way to account for the different kinds 
of a similar thing. From a certain substance, which we call 
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wood, all the different brands of lumber are made; from 
another which we call brass all the different sorts of brass 
goods ; and so it is of everything. 

" It is equally true of this marvelous universe that the dif- 
ferent things, and the different kinds of each thing, are like the 
sands of the seashore, without number. Such is the wonderful 
capacity of matter for the manufacture of things." 

" But how," I asked, " in all this multitude can we tell what is 
Sound?" 

"There is no difficulty," she answered, **for mind is even more 
remarkable than matter. Of hundreds of thousands of things 
which come under the category of sounds, we can readily tell 
them all. 

** And so of light; it shades from the violet to the red, by a 
slight variance in the amounts of the different ingredients. 
This law of combinations has no limits. Neither does that of 
varieties. 

" Take trees or snowflakes ; there arc no two alike, but there 
is no trouble to tell which is the snowflake or which the tree. 
And so again it is with everything." 

** Ellen has got a fine sentence there," I said, "to limit debate." 

"Yes," she replied, "she got that from Mr. Plato, whose 
' tongue was the pen of a ready writer * ; nor, as Ellen thinks, did 
he make any mistakes in his philosophy. 

"And so, it is with the pretty apples and pears; the trees 
which bear them act as machinery to provide material for the 
fruit. The leaves do part of this work, the roots much of it, 
and every part of the tree some. They provide it, sort it, and 
hasten it up to the fruit ; their part is preparing food for all, 
and dollars for the farmer. 

"And so, too, v^ith sounding bodies. They act as machinery 
to make Sound. But whatever the body, it does no more. 
And Ellen doesn't know why it should. That it does not may 



THE NEW PHYSICS 209 

be proven by a graphophone record. The old Pine asked if, 
'when a bell sounds, the copper or metal does not affect its 
tone ? ' Whether or not any part of the metal of the bell enters 
the sounds made by the bell, might be quite difficult to answer 
alone, but it is more difficult to see how the copper can enter 
the graphophone record which its sounds make; and therefore 
how copper can help make the duplicate sound, which the 
record produces. In this case one sound is made by the bell, 
and the other by the paraffin and wax. This last, too, by 
an electrotyping process can be transferred to discs, which will 
repeat very exactly the record thus transferred, but only in 
connection with shock, made by a new reproducer, adapted to 
the new record. Evidently here shock is just as necessary for 
the production of sound as it has proved to be elsewhere, thus 
sustaining the universal testimony that Sound never occurs with- 
out it. 

" And this means, however small may be the indentures, or 
the disc records of same form made from them, they are abun- 
dantly large to receive the particles of matter made by shock, 
and mould them into particular sounds. 

** These material bodies which constitute Sound are to us 
almost immaterial because so small. It should be a big adver- 
tisement to the homeopath ists. And because they are thus 
small, the sounds can get around almost anywhere, and are 
as harmless as doves. 

" In the accepted air pulse theory there is nothing whatever to 
explain the different character of sounds. In any case the 
sound is supposed to be made by a vibrating body, as a tuning- 
fork, piano wire, violin string, column of air, or any conceivable 
vibrating substance, hitting a particle of air, or several of them, 
from which operation the whole category of sounds, from the 
infinitely plain to the exquisitely beautiful, is supposed to 
come. 
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" Ellen doesn't think that any of those who teach this theory 
ever considered this; much less have undertaken to explain 
it, although anything indissolubly connected with any theory 
worth considering, not to say promulgating, should be fully 
considered and understood before the theory is advanced. In 
this case the only explanation of the difference of sounds 
would appear to be the manner in which one or several parti- 
cles of air were struck, whether at a right, acute, or obtuse 
angle. Possibly it would be claimed that the strength of the 
blow entered into the problem. But the whole thing is so 
utterly absurd that even, if we did not know how sounds were 
made, no person of good sense would consider this theory." 

** But can Ellen give a more intelligent explanation by the 
corpuscular theory?" 

** Infinitely more," she answered, ** as that theory is entirely 
built upon the known, indeed universal, laws of nature of per- 
forming such phenomena, the laws of the effect of matter, not 
the same matter but different matter, upon mind, when brought 
in contact with it. 

"Ellen would be ashamed if she undertook to teach the nature 
of any phenomenon, unless she based it upon nature's laws. 
She has repeatedly reminded the old Pine that the Universality 
of Natural Law is the key, and the only key, by which we can 
unlock the secrets of nature, and she knows perfectly well that 
any hypotheses advanced which do not recognize this are 
utterly worthless, although demonstrated, as they generally have 
been, by a lot of mathematics even more worthless than they, 
because throwing away infinitesimals, which apparently are the 
principal part of the universe. 

"We know from the fundamental laws of nature, which 
every one can study and learn, that Sound must be corpuscular, 
composed of infinitesimal particles of matter. 

"In no other way is it possible to account for the phe- 
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nomena, in all their different phases, which take place. And 
this does account for all of them. And still stronger than this, 
as Ellen has repeatedly said, it is the method, and only known 
method in the universe, by which mind is influenced in material 
conditions. And as the question is how nature does things, and 
not how Dr. Young, Mr. Huyghens, or any other man would do 
them, if they were going to make a universe, we are particularly 
interested in the laws used by nature. 

"And this matter enters the body from the material world, 
a part of a universal system by which not only the body is 
sustained, but everything that connects with knowledge in man 
is supplied. 

"Ellen will illustrate, again, the nature of Sound from the 
graphophone, which is able to repeat certain sounds, and this 
is accomplished by a body made by the original sound. 

"For every sound, under favorable circumstances, makes a 
body (as an indenture of a graphophone record) which, when 
played upon, can repeat the sound that made it. So also a 
succession of sounds can make a succession of instruments, in- 
dentures, the whole forming what is called a record, which will 
repeat these sounds in the order made.'* 

" But," I asked, " can it not also cause a body, with unison 
or the same vibration as the body which made it, to repeat the 
same sound?" 

" It can enter a body having the same or unison vibration," 
she replied, "with the body in which it was created, and cause 
this second body to vibrate, the same as it did the one in which 
it was made, and thus throw more sound into the air. Thus 
a stream can flow from one pond into another, and thence into 
a third. Nor does Ellen know why, if the stream was big 
enough, whether of water or of Sound, it might not continue 
its course, constantly throwing of! water on the earth, or Sound 
into the air, until the supply was exhausted. But all of this is 
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but the continuation of the life of one stream, whether water 
or Sound. 

'* The only way a sound can create another, is indirectly by 
creating an instrument which can make it. But, as we have 
seen, this last instrument can only make it when played upon, 
that is, when subjected to shock. And thus, so far as we know, 
shock, or friction, is always the immediate cause of Sound. 
Then follows immediately vibration of the body struck, and 
again, immediately, sound is thrown off from the body, by the 
vibration. 

** At the same time this sound is thrown off, precisely similar 
sound remains in the body struck. We know this because we 
can conduct such sound to the ear without its entering the air, 
and at the same time, similar sound, thrown off by the same 
body, will enter the ear by the air, and indeed may have been 
entering it several seconds. 

"From this we know that sound made in such bodies is 
entirely finished whilst in them. As nearly all different bodies 
emit different sounds, whilst apparently struck by exactly the 
same blow, it is certain that in some way they directly assist 
in making the sound. This might be done at the time of the 
blow. If so the blow or shock, and body, working together, 
must produce the sound instantaneously, which is immediately 
thrown off into the air. Or this sound may be partially pro- 
duced, at least finished off, so as to be thrown on the market, 
by separate action of the body struck. Indeed it would appear 
that this was what took place. Certainly the sound produced 
by shock cannot make vibration until after it is made, and, when 
it does, might be changed into, or complete, the sound that is 
finally thrown off. For, again, the vibration which throws it off 
cannot act until it is made. 

** Ellen thinks this last is what takes place; that the force 
is created, a force which we would naturally and fairly call 
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Sound, — infinitesimal particles of moving electrical matter, — by 
the blow or shock. That this instantly throws the body into 
vibration there can be no question, by which, or in connection 
with which, the material collected by shock becomes a particu- 
lar kind of sound, and is thrown off into the air, or can be con- 
ducted away by many different bodies. For it is full of 
ambition to travel, and isn't at all particular what route it 
tokes." 

" But cannot Ellen state even more exactly," I asked, ** how 
Sound is made?" 

*• She can more thoroughly illustrate it," she replied. " For 
these corpuscles of electrical matter, which cause the vibra- 
tion of the body in which they are made, indirectly may be 
seen, and vividly so, in the vibration of plates. 

" Sir William Wheatstone demonstrated this nearly a hundred 
years ago, and the great electrician Oersted several years before 
that. It may be done by covering the top of one of the plates, 
properly fastened horizontally, with water, and then drawing a 
bow across one edge. Instantly the water is variegated by 
a series of crispations, marking the nature of the movements 
caused by the corpuscles of Sound produced by shock. Their 
different character is made perfectly evident by the changes 
in the sound. With the low tones several systems of miniature 
waves are formed, but as the higher notes are sounded the 
most exquisite effects are produced in the water, by corpuscles 
evidently much smaller and in largely increased numbers. 

" But why do these corpuscles affect the water?" I asked. 
" Are they made in it? " 

** Not at all," she answered. **They are made in the plate 
by friction, caused by the bow drawn along its edges. 

•* Ellen placed her hand upon the plate and could feel that it 
was permeated with electrical forces — that is, it is permeated 
with Sound, which causes it to vibrate vigorously ; when it does 
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what every similar sounding-body always does, tosses the sound 
off from it, thus filling portions of the water, those parts 
lying above the parts where the plate is vibrating, with cor- 
puscles of Sound, which, thrown off from the plate by its vibra- 
tion, have to pass through the water to get into the air. And 
these particles as Mr. Wheatstone says: *vary in magnitude 
with the degree of tune.' 

*'And again he says: *When a more acute sound was pro- 
duced, the centres consequently became more numerous, and 
the number of co-existing vibrating particles likewise increased, 
but their magnitudes proportionally diminished.' And again: 
' Diminishing the oscillating part of the plate to one half its 
len^'th, the double octave to the preceding was heard ; four 
vibrating particles occupying the space before occupied by one, 
and the absolute number doubled.' 

** And still again : * Let us reduce this half of the plate to 
half its breadth, and we shall find the note remain the same, 
but the absolute number of the corpuscles will in this case be 
equal to that in the entire plate.* 

" All of these changes in size and number are plainly visible 
in experiments made by Mr. Wheatstone.* 

** In each case these corpuscles are moving between nodes, 
thus producing the vibration of the plates, and perhaps at the 
same time perfecting the particular sound they were intended 
to produce. This is evidently done by the action of the cor- 
puscles, which themselves are the sound, made by shock, — in this 
case the bow drawn across one edge of the plate, — and perfected 
by the plate, or any vibrating body in which they are made. 

** We thus get a practically complete illustration of the manu- 
facture of Sound, and can see how all the sounds of the 
world are made by different bodies, which have a sufficient 
degree of hardness. 

* Sec Chapter xxix, page 232. 
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** Sound, then, can make a body that can do what the original 
body which made it did ; and therefore in certain respects must 
resemble that body. 

" In the illustration that Ellen has taken, let us suppose that 
the body which began this concert, was a bird or rather the 
vocal organs of a bird played upon by the bird. In some way, 
those organs manufactured the sweet notes which, floating in 
the air, entered a graphophone and made a record. Certainly 
It was their movement which made it. 

" And as we know that they must have been manufactured 
from material in the throat of a bird, blended or mixed by 
the machinery of those vocal organs, controlled by the intelli- 
gence of the bird, we know that the indentures of this grapho- 
phone record represent similar machinery to that of the vocal 
organs of the bird ; for they can reproduce the sounds which 
those vocal organs produced. That is, they can, if there is 
anything answering to the intelligence of the bird to manipulate 
them. 

** And here comes in the intelligence of Mr. Edison, to take 
the place of, or as a substitute for, that of the bird. Thus far, 
and indeed throughout the performance, the program is fur- 
nished by the bird. Mr. Edison had nothing whatever to do 
with this, though he has had a good deal to do with the ma- 
chinery at both ends necessary, but entirely secondary, for the 
experiment. This machinery, we can see, consists of a grapho- 
phone instrument by which impressions — forms— created by 
sound, are made in the grooves of a cylinder covered with paraf- 
fin and wax. These forms, called indentures, are the direct 
result of the song of the bird. They are the only instrument in 
the concert which can reproduce that song; and, like other in- 
struments, to do it, must be played. 

"Again, we know the manner in which the piano furnishes 
music — some one entirely independent of the piano strikes its 
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keys, which are a part of its sound-producing machinery. 
These lift a small hammer, which hits a wire, and the shock or 
disturbance, necessary to the production of Sound, is accom- 
plished. The blow made it in accordance with principles de- 
signed by that infinite Being who has constructed every part of 
this universe, everything in which is but an expression of His 
thoughts. 

** Here the final operation in the production of Sound we 
believe to be evident. The blow of the hammer upon the wire 
introduces or makes available the material, quite a part of which 
at least is electricity, from which the different sounds are to be 
made ; and which answers to the lumber or logs in a saw-mill, 
or the woolen, cotton, or other material, in other mills, from 
which the goods are to be manufactured. This material con- 
sisting of infinitesimal particles of electrical matter, — called by 
Mr. Wheatstone, corpuscles, — entering the wire causes it to 
vibrate or move with great vigor, by which the sounds are per- 
fected and thrown off. 

" And now again, by the wisdom of the Creator, the motion that 
has entered into them from the shock, sustains and carries these 
infinitesimal particles, so small that they will run up, apparently 
in large numbers and at the same time, the point of the finest 
needle,* — in all directions through the atmosphere; and thus 
are they able to enter the ears of man, and other sentient 
beings, when, transferred to the mind, they produce the sen- 
sation of hearing, and are known as sounds. 

"To go back where we branched from the indentures to the 
piano. Instead of the keys and hammer of a piano, we have the 
machinery of a graphophone to produce the sound of the record, 
and this machinery includes the rounded end of the reproducer, 
by which shock is produced, the body or bodies struck being 
the indentures. 



• See "Ellen," Vol. H., pp. 561, 562. 
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" With the blow, as always, the corpuscles of Sound are pro- 
duced, and evidently, though we cannot see it, the usual vibra- 
tion of the body struck takes place, completing the character 
of the soUnd, which is instantly thrown off, and may be heard 
by listening at the graphophone where the disturbance 
occurs. 

**Up to this, we have had no concert, practically no Sound. 
But now immediately the air around the indentures is filled 
with the notes of a bird, and, as the concert goes on, these vary 
as the bird's song varied. Here all the requisites of Sound 
exist, an instrument to be played, with arrangements made to 
play it. And the sound is a repetition of the sound by which 
the indentures were made. 

** And this because the bodies made by Sound, such as those 
composing a graphophone or telegraphonc record, resemble in 
form the sound which made them, which must have resembled 
the body which made it. Unquestionably through this principle 
the record of sound is transmitted to the brain. 

"And this means that the sounds of the world, all of them, are 
made, by the bodies of the world, every hard or so called elas- 
tic body making a particular sound ; and the same body or a 
similar one will always make the same sound. This is the 
universal law that operates in regard to Sound. And there- 
fore there are bodies so made that they will utter the notes of 
a bird. Such bodies, too, or any bodies, as animals or plants, 
can reproduce themselves, thus continuing the sounds which 
they make. But this is not in the ordinary course of things but 
evidently is especially designed for the records of Sound, 
though accidentally discovered by man, and used artificially 
in graphophone and telegraphone records. 

"There is nothing strange that this record should sing the 
song of the bird, or each indenture its part of it, for it's the only 
song it can sing, the only noise it can make. 



2l8 THE NEW PHYSICS 

" It's the noise it was made to make, and if it sings at all if it 
makes any noise, it has to make this. It does what every 
sounding body in the world does, or every sounding instrument, 
makes the sound it was made to make. And this is true of 
every material thing ; for no material thing has a power of 
choice. And this sound is the same that the original sounding 
body made, by which this record was made, precisely the same, 
and therefore do we know that any sound is the acoustic 
picture of the body that made it, whether the vocal organs of 
a bird, or person, or anything else. It is a copy of Sound, 
made as instantly and accurately as the picture of a landscape 
by a camera ; not any more remarkable than that, but equally 
faithful, that is, equally perfect, for every part of it is perfectly 
designed and exquisitely finished. And this copy of a sound, 
these copies of all sounds, are designed by the same great Artist 
that made the picture which the camera takes, and the principle 
by which it can be taken, and that made the sound. 

" Is there any person living who supposes that such pictures 
as these, come hap-hazard, or might be made by a tuning-fork 
hitting particles of air? If there is, Ellen pities him. Just as 
well could the finest product in art ever made by a Guido, 
or a Raphael, be made by a similar blundering performance. 
The Power which has created everything in this universe made 
this sound. Ellen knows that if Dr. Young had made a uni- 
verse, he was going to make Sound out of air by a series of 
condensations and rarefactions ; which in some way never ex- 
plained, were expected to work together, and carry the correla- 
tive of Sound, that is, an accurate copy of the disturbance which 
made it. 

"Ellen doesn't think Dr. Young showed any great genius in 
his universe ; anyway he never got any further with it, although 
the great body of scientists, who proclaim themselves great 
admirers of his talents, have been trying since to instruct the 
youth of the world in his principles of Sound. 
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It is safe to say that there was never so silly an hypothesis in 
science conceived as these undulatory theories, whether of Sound 
or Light ; and, as is the case with those carried away by some 
superstition, or as moths are dazzled by flame, so the votaries 
of these theories have seemed to be dazed by them. 

"And now will Ellen, accepting the principles of Sound made 
by Him who created the universe, endeavor still further to see 
exactly in what consists this moving picture of Sound, and how 
it imparts it to the graphophone record. So far as the mind is 
concerned, Sound is simply a signal, or signals, to be learned in 
order to be used. Nor does Ellen understand in what way 
a combination of matter, infinitesimal or otherwise, affects mind 
or spirit, when brought into its immediate presence. But she 
knows that it does, and she knows it is the only way in which 
mind is affected or educated whilst in material conditions. And 
she can perceive how the moving sound, operated by electricity, 
creates an indenture with the same form that the body had 
which made this acting sound ; for this is what takes place. 
That is, it has manufactured an instrument, diminutive in size, 
it is true, but which produces the sound that made it. 

** It does this as a mould will reproduce in form the thing that 
made it, and with the same certainty, for with conditions favor- 
able it cannot help but do this. As Ellen has had occasion 
repeatedly to say of material things, it cannot help but make 
the thing it was made to make; and so, too, the thing it was 
made to make, properly played upon, cannot help but repeat 
the sound which made it, that is, do the thing it was designed 
to do. This is the one and only principle which makes a Uni- 
verse possible. 

"To repeat, Sound, consisting of infinitesimal particles of 
moving matter, is started by shock. It has a power of move- 
ment varying from about 1040 feet to 16000 more or less 
per second, depending upon the track in which or on which it 
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travels ; and this rate of speed it holds evenly throughout its 
known existence. 

"This sound is moulded, as we have seen, into different 
forms by the bodies in which it is made, through which it cir- 
culates, and which it causes to vibrate. Thus prepared it 
becomes the sound of commerce, and thus enters a grapho- 
phone, a moving piece of machinery, fitted to make and making 
instruments whose forms are the same as those of the bodies by 
which these sounds have been uttered ; and therefore producing 
the same sounds. 

"In such case Sound is two things: it is Sound, and it is 
machinery capable of making or preparing an instrument which 
can be used to make a sound similar to itself. To do it the 
sound must either by itself, or through the reproducer operated 
by itself, make a body, an indenture, which, when struck, has the 
same vibration as the body which made the sound. And this is 
done by motion, the motion of the sound, which is a power 
of special movement imparted to it when created, and con- 
tinuing throughout its existence. When we remember how all 
plants and animals are made to recreate themselves, there is 
nothing particularly extraordinary in this. Nor is it any more 
remarkable, or perhaps as much so, as that a camera can make 
a picture exactly similar to the landscape which lies before it. 

"Size, evidently, the size of the indenture or the body created, 
is not essential. The one thing important is that the duplicate 
body made by the sound, in this case the indentures, should 
have the same forms with the bodies by which the particular 
sounds were shaped which made them. And therefore when 
these indentures so made, or others made from them, are 
struck, they create the same sound or sounds as the instru- 
ment or substance after which they are modeled. As two 
pianos, or any two similar instruments, will produce the same 
sound, or any two apples, or other fruit of the same kind, the 
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same taste or the same odor. And all of this that refers to 
Sound takes place because the bodies uttering the same, that is, 
similar sounds, are of the same forms. It is the principle 
illustrated by unison vibration, which causes the graphophone 
record to utter back the sounds which made it. Ellen knows 
that substantially this is what occurs, and explains fully this 
phenomenon." 

** But exactly what is it that Ellen calls the normal vibra- 
tion?" I asked. 

"Normal vibration is that which infinitesimal particles of 
electrical matter, aroused by shock or a blow, produce in a 
body. The same vibration, in whatever body it exists, always 
accompanies the same sound, for it is made by the sound, 
one of its purposes at least being to throw it off ; but, as Ellen 
has shown, the material produced by the blow, and which 
perhaps might fairly be called Sound, as logs are called lumber, 
in passing through the body is itself changed, and thus we have 
the varieties of sounds, corresponding to the differences of the 
bodies in which they are made. 

** And this is accomplished through the power of the machin- 
ery in each case to combine certain elements of matter ; varying 
with the character of the bodies in which and by which they are 
combined. Not because such body, or part of it, enters direcdy 
into the combination which produces Sound, for it does not, but 
because the character of the body helps decide, and in certain 
respects entirely decides, the quality of the sounds it emits, and 
this, directly or indirectly, through the elements which make it. 
For every material thing, whether a loaf of bread, a rock, a 
tree, or Sound, is a combination of matter. Its excellence, too, 
depends in part upon the mixing, as well as upon the things 
mixed; the same as provisions depend upon the cooking as 
well as upon things cooked. And the excellence of this manu- 
facturing must depend upon the excellence of the machinery 
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which makes it. But nature's machinery is always the best 
possible, and so, too, is the material which she uses; whence 
come the exquisite colors of the clouds, and the lovely verdure 
of the forest. 

" Behold the lilies of the field how they grow ; they toil 
not, neither do they spin : 

And yet I say unto you, That Solomon, in all his glory, 
was not arrayed like one of these." 

•* And so sounds, though we do not see them, will rival in their 
tones the beauty of the clouds, or the perfection of flowers in 
both color and form. The lark soars, and pours forth his 

melody. 

" Bird of the wilderness, blithesome and cumberless. 
Sweet be thy matin o*er mountain and lea." 

** Does the old Pine suppose that there is any other law by 
which all. these things are made? Is there any reason why 
there should be? There certainly is not; and there certainly is 
no other law. This, together with the original matter supplied, 
and the Spiritual or Intellectual Power which supplies, completes 
existence. 

" But the last is practically all. That is, it is the inex- 
haustible source of supply, making whatever else there is, 
or whatever else is needed, and therefore, as Bishop Berkeley 
suggested, it includes the whole. 

** Man can manufacture many things, or furnish the machinery 
to make a glass of soda water ; and so Nature by mixing different 
ingredients, has arranged to make all the odors of the world, all 
the flowers, all the pictures, all the fruits, all the vegetables, all 
the animals, all the shells, all the stones, all the soils, all the 
metals, and indeed every material thing; the sound of the 
world, as well as its pictures, included. 

**We quote again from the article on odors by M. Papillon: 
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* The quality is of so little importance to Nature, that, while follow- 
ing always the same laws, and constantly using the same materials, she 
can by merely changing the ponderable relations of the latter ^ produce by 
myriads of various combinations^ myriads of substances which have no 
resemblance to each other.* *' 

" But cannot Ellen explain more accurately," I asked, "the 
distinction between the functions of shock and vibration?" 

** Sound," she answered," is composed of infinitesimal particles 
of moving matter, the difference of sounds, like that in all 
material things, depending upon the different materials used, 
and different proportions in which they are taken. 

" The sound caused by shock is unquestionably responsible 
for the vibration of the body in which it is made, and this vibra- 
tion in the nature of the case also becomes an index of the 
action of the sound which made it; and therefore it is natural 
to speak of the vibration making the sound, when as a matter 
of fact the sound in its essential nature is independent of the 
vibration, although, when thrown off, the finished product of 
the action of the vibrating body. Very similarly lumber is in- 
dependent of the mills which shape it. 

"This is somewhat of an intricate proposition, although when 
carefully thought out it becomes simple enough, and is con- 
stantly illustrated in the economies of man. 

"Thus what is true of the different kinds of lumber is equally 
true of every kind of goods ; woolen, cotton, silk, or those from 
any kind of metal, or any kind of stone. It would appear to 
be true of everything where varieties of things are made from 
the same material, which is a constant occurrence. 

" It is indeed the law governing varieties of things which are 
formed from the same or similar material ; a condition which is 
universal in creation. In such case the differences may depend 
entirely upon form, as they would appear to in the different 
kinds of lumber, or they might depend upon the mixture of 
difierent materials, as in goods, or unquestionably also in Sound. 
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** Thus certain machinery will combine different materials as 
silk and wool, or cotton and wool, or it may make goods from 
one material, as silk, or wool, or cotton. But in all cases the 
same machine or machinery, other things being equal, will 
make the same goods. 

"And thus with sounds, material largely electrical is provided 
for their manufacture. 

** Bodies in which this is made act as machinery for the manu- 
facture of Sound, and every different body will make a different, 
but similar bodies the same, sound. 

"This difference must depend upon the ingredients, and 
amount of each ingredient in the completed sound, the electri- 
cal principle existing in all Sound." 

"Then Ellen thinks, to the material made by shock, other 
material is added, as this is subjected to the machinery of the 
body, with its remarkably active vibrations ? " 

"The sound appears to be made instantaneously," she 
answered, " but undoubtedly there is time enough, and cer- 
tainly force enough, for any desirable ingredient to be added. 
But this is certain, first, that Sound is always started by shock; 
second, every different body makes a different sound, or rather, — 
for shock is only possible where there are two bodies, — any two 
hard bodies colliding make a sound, and the same two bodies 
always the same or a similar sound, but either hitting another, a 
different sound, although the continued sound of a musical in- 
strument remains the same. 

**That is, any particular body when struck by a second body 
will make a particular sound, and always if struck by this same 
body, a similar sound ; but always, too, when struck by another 
and different body, the sound of the collision is different. 

" It follows that each of the two bodies which cause the shoCk 
contribute to the character of the sound. 

"This also is certain, that always, as proven by Mr. Wheat- 
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Stone's experiments, Sound is composed of infinitesimal particles 
of nioving matter, and as proven by Mr. Oersted these particles 
are electrical. Always, too, these particles of matter throw into 
vibration the bodies in which they are made, and always by 
this vibration they are thrown off more or less into the air, a 
finished article, designed to accomplish the sensation of hearing 
in all sentient beings, and distributed free, like water, air, or 
light, for the benefit of all." 

*• And is this sound entirely completed whilst in the sounding 
body?" 

•* It certainly is," she replied, **for we can conduct it from the 
body to the soul, independent of the air, and know it to be the 
same sound which comes from the body by the air into the ear. 

"And it always originates in shock? 

"It certainly does. 

" And the particular sound it represents always depends upon 
the particular body or bodies in which it is made ? " 

" Again it certainly does. That is, the same sound is always 
made by the same or a similar body." 

"And there is no other way to make it?" 

"None whatever." 

"But how does shock make it?" 

"By mixing matter; perhaps, more correctly by supplying 
electrical matter. The same as a glass of lemonade is made, 
and every other thing that exists in this material universe. 
Thus, as Ellen has repeatedly said, there is no other way to 
make any material thing." 

"And what makes the differences in the sounds? " 

"The different combinations of matter. Every possible dif- 
-icrence in sounds comes from this, as every possible difference 
Sn food does, or in any other material thing with which we have 

quaintance, or which exists." 

"And what makes these different mixtures?" 
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"The different machinery employed to mix them; and after 
that the laws of God." 

"Then Ellen thinks that every sound is finished in the body 
where it is made, by the mixture of ingredients at command 
within that body, and by the machinery of that body ? " 

"As started by shock, yes. But the machinery of that body 
couldn't work any more without the force aroused by shock, 
than an engine could without the force aroused by steam, or 
some other motive power." 

" And Ellen thinks that the vibrations of these bodies are a 
part of the forces which do the mixing?" 

**Yes," she answered, "And these must depend more or less, 
upon the material of which a body is constructed, its form and 
consistency; indeed everything which combines to make a body 

what it is.'* 

" But the material of which the machinery is made, does not 
combine with the thing it mixes? " 

"There is no reason why it should," she replied, "and gen- 
erally as Ellen has said, it does not." 

"Of what then are sounds composed, — that is, what sub- 
stances? " 

"We have seen," she answered, ** that odors are composed of 
oxygen and hydrogen, with perhaps some nitrogen added. 

"Air is composed mainly of oxygen and nitrogen, in the 
following weights : 

Oxygen, - 23.01 
Nitrogen, - 76.99 



100.00 
" Water consists of two volumes of hydrogen gas, and one of 
oxygen, proportion by weight : 

Oxygen, - 88.9 
Hydrogen, - 1 1 . i 

100.00 
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"We have seen, that the intensity of Sound depends upon 
the density of the air where it is made ; and also when made 
in water it is much more intense than when made in air ; which 
makes it reasonably certain that Sound is composed largely of 
oxygen mixed with electricity, which last gives to it its power 
of movement, an absolutely essential part in order that it might 
perform the purpose it was made for, delivering signals to 
sentient beings. 

"The varieties of things are made, as all other things, in 
accordance with law. That is, there is some cause why certain 
things are said to be varieties of some other thing. Thus we 
have varieties of trees, varieties of people, varieties of houses, 
or of barns, varieties of flowers, and varieties of different flowers, 
varieties of fruit and varieties of different fruits. Ellen might 
go on indefinitely, but this is evident, that what makes varieties 
is the fact that, in certain marked qualities, these varieties are 
alike. 

**Thus in the different varieties of fruit, all, in certain respects, 
it may be shape, or taste, or both, but in some quality certainly, 
and perhaps Ellen should say qualities, are very much alike. 
And this is universally true. Of almost everything, there are 
varieties, and always varieties of the same species are closely 
related. It would be impossible otherwise that they should be 
considered as belonging to the same species. 

"But, as all know, there are many varieties of Sound. Then 
must there be some particular quality or qualities in which they 
all partake. What are these? Ellen thinks again that the 
answer is very plain. They all are used in the function of 
hearing ; and they all have the same speed. Then to a similar 
extent must they have been created by the same causes ; and 
so, too, wherever they differ, the causes must be different. That 
is, that which made them alike must be the same, and that 
which made them different must be different. For always the 
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same effect comes from the same cause, and different efiFects 
from different causes. 

"And this would appear to mean that shock, in its nature 
always alike, produced those qualities in which sounds are alike ; 
and the different bodies in which they circulate are the causes, 
of their differences. 

**This is equally true in the case of lumber or any goods. 
The different things made from lumber or other goods are 
the product of different mills, but the material of which they are 
made, the wood, the cotton, the silk, have very different origin ; 
nor is it possible that in either case this should be otherwise. 

** Man makes the saw-mills, and the other mills, which shape 
different materials into many varieties, for the use of man. But 
nature has prepared the material from which Sound is made, 
and also the mills by which each individual sound is deter- 
mined ; the uses of Sound being not for man alone, but for all 
sentient beings. 

'*And Sound always consists of infinitesimal particles of 
moving matter, made by shock, and always this, whatever par- 
ticular sound it may represent, moves with the same speed, 
and performs a similar function. 

" But the character of each individual sound depends also 
upon the instrument or body in which it is made, very simi- 
larly, as the character of the lumber depends upon the particu- 
lar mill by which it is shaped. 

"And this Ellen would say of every material thing; for the 
different things of the universe are numberless as the drops of 
the ocean. That is, they are numberless to Ellen. But very 
many of them are made from the same substance, precisely 
the same so far as we can tell, or very nearly the same in its 
different variations. 

"Thus in lumber they might be made out of a hundred dif- 
ferent species of trees, and all of them known as lumber. And 
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SO again, as Ellen thinks, it is with everything. For whilst all 
things are made under a universal system of law and order, no 
two are exactly alike. 

**The same is true of man. He, too, makes everything which 
he makes out of the same wonderful matter by similar processes. 
Nor is it possible for him to make anything in any other way. 

** It makes physics awfully easy when you find out how they 
are done." 

"And Ellen does not think," I said, "that Sound acting 
through the principle of unison vibration, — that is, entering 
another body of similar vibration with the sounding body, and 
causing it to vibrate, — makes any more sound whilst so doing?" 

" Ellen does not," she answered. " How could it? It is shock 
that makes Sound and there is no shock here. The unison body 
may retain in part the sound, thus obtained, some little time, 
and must retain it until it is thrown off, or dies a natural death. 

"And the sound will cause vibration in the body or any body 
which it may enter, having unison vibration with the sounding 
body. It represents Sound, because it is Sound. But in neither 
case does it make Sound, for this is impossible without shock." 

"But," I said, "can we not hear the sound that it makes?" 

" You can hear the sound that it throws off," she answered, 
"either here or in the body in which it was made. In all cases 
it will make a body having similar vibration to the sounding 
body, vibrate. In no case can such vibration make Sound. It 
cannot make Sound any more than the machinery of a saw- 
mill can make the lumber which it saws. 

"And Ellen is quite inclined to think that the only difference 
between a unisoh body and any other body in receiving Sound, 
is that Sound entering a body having unison vibration is able 
to make it vibrate, because able to circulate in it, or through it. 
This vibration throws the sound into the air, thus making it 
audible ; whilst a non-vibrating body, although Sound enters it 
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freely as a conductor, is silent because, and simply because, 
it has no way, by vibration or otherwise, of throwing the sound 
off, so that it can reach the ear. 
**Ganot says : 

'A singular property of bodies in a state of vibration is that of 
setting in vibration bodies at rest. Thus, if two tuning-forks, tuned 
so as to give accurately the same note, be at some distance from each 
other, and one of them be sounded, the other will be set in vibration 
and emit the same note. But, if one of the forks be put slightly out of 
tune with the other, by attaching a piece of wax to one prong, for in- 
stance, then the excitation of either one will have no effect on the other. 

'This phenomenon, that a body in a state of vibration has the power 
of causing an independent body at rest to vibrate in the same period, is 
called consonance. 

*If a metal wire freely suspended in the air be tightly stretched 
and then be set in vibration, the note which it emits will be feeble. So, 
too, a tuning-fork when sounded gives but a feeble note ; but if its stem 
be held on a table the note becomes far louder. 

*The reinforcement of a sound by attaching the sounding body to a 
large, dry, elastic wooden plate, called a sounding-board, or to a wooden 
box surrounded by air, is called resonance.' 

**In this case Sound made by shock, conducted to the sound- 
ing-board, is thrown off into the air in large quantity and prob- 
ably by the vibration of the board. 

* Although the terms consonance and resonance are sometimes used 
indiscriminately, there are distinctions between them. 

* Consonance is the excitation of an independent body to vibrate in 
imison with the sounding body ; it begins later than the sounding body, 
and continues after it has become silent. Resonance begins and ends 
with the sound of the exciting body.* 

" Sound is always an independent stream created by shock, as 
much as rain is by clouds, or streams by springs, thus enter- 
ing the sounding body with the capacity of flowing rapidly, 
provided it can find a channel to flow in. 

" Not finding this its action makes the sounding body vibrate, 
thus constantly throwing off some sound into the air, where it 



THE NEW PHYSICS 23 1 

instantly finds channels in all directions. What cannot thus 
escape is held in the sounding body, similarly as water is held 
in a pond which has no outlet; or is partly held in one that has. 

" If now the stream of Sound in the sounding body is con- 
nected with any channel through which it can flow, it will enter 
this as rapidly as it can, being conducted by it until it has all 
left the sounding-body. Frequently it is thus conducted to 
sounding-boards where it is readily thrown off into the air. 
Occasionally it finds bodies having the same vibration as the 
original sounding body, in which case, entering, it causes them 
to vibrate, because its particles of sound are fitted to circulate 
in them. This it will do, can't help but do, whilst it lasts, or 
if reconducted quickly enough to the original sounding-body it 
would again cause that to vibrate. For these are the things it 
is made to do, and, given any opportunity, it will continue to do 
them ; but it cannot make any new sound, nor can anything 
except shock. And therefore in order to have more sound we 
must have repeated shocks, just as in order to have more rain 
we must have repeated showers. 

" Ellen will now call attention to those things which do take 
place in the repeating of sounds, and those that do not. 

*' Sounds are repeated by a graphophone, in accordance with 
the laws governing Sound. They are not repeated by a diaf ram, 
with reason enough, that they could not be without violating 
these laws, something that never happens, excepting in text- 
books. 

** In one case there is an instrument made, that in strict ac- 
cordance with the laws governing Sound makes them. In the 
other there is no such instrument; and the diafram couldn't 
repeat the sounds of the world, any more than a pumpkin 
could, or a beet, or a carrot, or anything else which was not 
made to make them. 

"The diafram assists, as Ellen has repeatedly said, in gather- 
ing and reflecting Sound, as a stove does heat. 
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"A writer in " Good Works," 1878, page 280, in a long and 
ably written article on the telephone and graphophone, in re- 
ferring to the latter, says : 

' Once more rotating the cylinder the style rises and falls as the now 
embossed foil passes beneath it, and the motion given to the style is 
communicated to the disc and thence to the air around.' 

"And Ganot says : 

' When this record was passed again beneath the style the varying 
indentations on the foil caused the style to vibrate as it did when it 
produced the indentations, and the diafram was similarily set into 
vibration, and reproduced the sound by which it was in the first in- 
stance set into vibration.' 

"Nothing of the kind takes place. What takes place, as we 
have seen, is the reproduction or reappearance of the original 
sound, with its peculiarities and characteristics. And this is 
infinitesimal particles of matter, endowed with a power of 
motion. The sounds are made only by the record, as may 
plainly be demonstrated by listening. They are generally con- 
ducted from the record to the diafram, and through this into 
the megaphone, which introduces them where they are heard. 

" That the cause of reproduction of sound in a graphophone 
is entirely connected with the record, may be tested by anyone. 
For the sound can be heard when a reproducer is passed over 
the record, although the record is entirely disconnected from 
the diafram. Ellen destroyed the diafram but the sounds were 
reproduced, the style being pressed down upon the record.* All 
any diafram can do, is to assist in collecting and by that means 

* The above experiments showing that the only function of a diafram 
connected with sound is to collect and reflect it, as a stove, heat, 
were made by Prof. T. E. Boyce, now of Middlebury, Vt., for nine years 
Professor of Mathematics, Middlebury College, a gentleman unusually 
accomplished and accurate in all such experiments ; together with the 
author of this book. 
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increasing the effects of sounds made by some sound-producing 
instrument 

''That the repetition of Sound, the same sound by a second 
body» is strictly a matter of form, is demonstrated by the disc 
record made from the graphophone record. Through an elec- 
trotyping process, a fac-simile copy of the indentures is obtained, 
which copy is transferred by a pressure of ten tons to new discs, 
and these, with a reproducer to match, will repeat very perfectly 
the sound uttered by the first record. The slightest variation 
in form of the electrotyped record would mar the result. 

''It is the same old story, cause and effect, existence and 
decay. For Sound is a material thing. But the soul is immortal 
and never dies ; as Ellen has shown, it only changes from one 
phase of existence to another." 

"And Ellen has also lifted the glamour off from Sound," I 
said, " and left it as clear and open as a crystal stream." 



234 THE NEW PHYSICS 



BEFORE closing we will refer to an article by Sir Charles 
Wheatstone on Sound, published in the Annals of Philoso- 
phy, London, 1 823, in which he gives a full description of the dis- 
covery of the corpuscles of Sound in certain experiments made 
by him, connected with the vibration of plates. Mr. Wheatstone 
also refers to conversation with the very able Danish scientist 
Oersted, who said that he had a number of years before made 
the same discoveries, which he published in Lieber*s History of 
Natural Philosophy, 181 3. This last book is not in the Con- 
gressional Library at Washington, and we have not been able 
as yet to secure it. Mr. Wheatstone, whose ** Enchanted Lyre," 
exhibited at London several years, had given him much prom- 
inence in the discussion of Sound, begins his article as follows: 

" Before I enter on the immediate subject of this article, it may be 
necessary to exhibit a general view of those bodies, which, being prop- 
erly excited, make those sensible oscillations, which have been thought 
to be the proximate causes of all the phenomena of sound. These 
bodies, to avoid many circumlocutions otherwise inevitable, I have 

termed Phonics. 

LINEAR PHONICS. 



TRANS\'ERSAL. 

Making their oscillations at 
right angles to their axis : 

1. Capable of tension, or vari- 
able rigidity : chords or wires. 

2. Permanently rigid : rods, forks, 
rings, etc. 



LONGITUDINAL. 

Making their oscillations in 
the direction of their axis : 
I. Columns of aeriform fluids or 
liquids : cylindric and pris- 
matic rods. 
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SUPERFICIAL PHONICS. 

I. Capable of tension : extended membranes. 
3. Pennanently rigid : laminae, bells, vases, etc. 

SOLID PHONICS. 

I. Volumes of aeriform fluids. 

" The sensation of sound can be excited by any of these bodies, when 
they oscillate sufficiently rapidly, either entire, or divided into any num- 
ber of parts in equilibrium with each other. 

" The laws of these subdivisions differ in the various phonics accord- 
ing to their form and mode of connection or insulation ; and the 
velocities of the oscillations, or degrees of tune, depend on the form, 
dimensions, mode of connection, mode of division, and elasticity of the 
body employed. The points of division in linear phonics are called 
nodes, and the boundaries of the vibrating parts of elastic surfaces are 
termed nodal lines. The part at which the oscillatory portions have 
their greatest excursions are named centres of vibration; these are 
alwajrs at the greatest mean distances from the nodal points or lines. 

** Tluse mechanical oscillations arc not howcfcr^ themsclvcsy the im- 
mediate causes of sound; they are but the agents in producing in the 
bodies themselves, and in other contiguous substances isochronous 
vibrations of certain particles varying in magnitude according to the 
degree of tune '^ 

Here is a full perception that there are "certain particles," 
infinitesimal, as we all know, varying in magnitude according to 
the pitch. All of which is correct, and had Mr. Wheatstone 
added, "which particles are Sound," he would have relieved the 
world of a vast amount of ignorance, establishing in its place 
a perfectly lucid explanation of the phenomenon of Sound. 

For if the rubbish that has covered it is removed, the phenom- 
enon is as simple as anything can be. The sound is made by 
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shock, or friction, adapts itself immediately to the body in which 
it is made, and circulates in it, being itself molded into form, the 
different ingredients mixed after the one law for the creation 
of material things, and thrown off into the air by the force of 
their own movement; or, when opportunity is presented, follow- 
ing different conductors. 

We have shown by experiments of Prof. Henry of the coast 
survey, at Washington, that with a pine board conductor the 
sound could be emptied from a fork in ten seconds, which, hung 
by a cord in air, would vibrate 252 seconds; that is, over 25 
times as long.* And this operation is spoken of in science as 
the transmission of the vibrations of the tuning-fork ; a phrase 
exceedingly stupid, because entirely meaningless. In all such 
cases what is transmitted is Sound, which, given a channel, will 
run off as water from a pond, and when conveyed to sounding 
bodies is thrown off into the air, by their very greatly extended 
surface, in largely increased quantity, and, thus aggregated, 
entering the ears of sentient beings, produces a louder sound 
by the universal law of increased effects from increased amounts. 

This result is accomplished, too, by a megaphone, or any in- 
strument which gathers Sound in increased quantities, and, thus 
massed, sends it in the direction of the hearer; and, to any one 
using good sense, is a complete demonstration, in itself, that 
Sound is corpuscular. 

It will be noticed, too, that Mr. Wheatstone says: "These 
mechanical oscillations are not however, themselves the im- 
mediate cause of sound,*' which is a distinct denial of the undu- 
latory theory of Sound. For these mechanical oscillations by 

♦ Sec EUen, Vol II., page 555. 
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that theory are the cause, and only cause, of Sound, the theory 
being that musical instruments and presumably other bodies by 
vibration, hitting particles of air, produce "sonorous waves," 
which, with scientists, is another name for Sound. 
Mr. Wheatstone further says : 

"When a more acute sound was produced, the centres consequently be- 
came more numerous^ and the number of co-existing vibrating particles 
Ukewise increased^ but their magnitudes proportionally diminished^ 

This again refers to the particles of Sound made by shock, 
as is easily demonstrated by experiment. For as the sounds 
produced are raised in pitch, .it is most noticeable that these 
corpuscles are diminished in size, but increased in numbers, 
which Mr. Wheatstone shows is done according to the rules. 

Always in this material universe things which have successive 
causes take place successively. It makes no difference how 
instantaneously may be the whole transaction. Often it is so 
instantaneous, that it is impossible for us to perceive the suc- 
cession. Thus with light, the ray reflected from the obiect 
to the eye, and which makes the picture of the object in the 
eye, always touches the object before it does the eye. This 
we know, with absolute certainty, from the nature of things, 
although the ray moves at 184,000 miles a second, and there- 
fore its successive positions cannot be followed at all by our 
eye And so with Sound, always the shock precedes, and 
always, next, the corpuscles are formed by which, instantly, the 
body in which they are formed is thrown into vibration, when 
these corpuscles become a particular sound, and are thrown 
off by the vibration. It would be impossible for the order to 
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be reversed, although it would be equally impossible for us to 
follow it with the eye. 

It very frequently happens that physical vision cannot keep 
pace with movement, and thus, often, error arises, which might 
be entirely avoided if the mind's eye, instead of the physical, 
was used. For Thought in its speed can distance every material 
thing. 

" The sounds of elastic laminae are generally supposed to be owing to 
the entire oscillations of the simple parts as shown by Chladni, when, by 
strewing sand over the sonorous plates, he observed the particles re- 
pulsed by the vibrating parts, accumulate on the nodal lines, and indi- 
cate the bounds of the sensible oscillations. Did no other motions exist 
in the plate but these entire oscillations, the water laid on its surface 
would, on account of its cohesion to the glass, show no peculiar phenom- 
ena, but the appearances above described clearly demonstrated that 
the oscillating parts consist of a number of vibrating particles of equal 
magnitudeSy the excursions of which are greatest at the centres of vibra- 
tion^ and gradually become less until they become almost null at the 
nodal lines. 

" To multiply these surfaces, and to observe whether the magnitudes 
in these particles vary in different media, in a glass vessel of a cylindric 
form, I superposed three immiscible fluids of different densities ; namely, 
mercury, water, and oil. On producing the sounds corresponding with 
each mode of division, I observed a number of vibrating parts, agreeing 
with the soundy and showing similar appearances to the plate, formed 
on the surfaces of each of the fluids ; not the least agitation appeared 
in the uniform parts. I afterwards inserted this glass in another vessel 
of water in order to observe the vibrations of the external surface, and 
found the same results as in the interior^ though the levels of the sur- 
taces were different.'^ 
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That is, from the repeated experiments, it was shown that the 
cause of these corpuscles was neither the mercury, water, or oil 
in the cylindric glass vessel, or the vessel of water in which this 
cylindric vessel was inserted, but was the sound made by the 
bow, and varying with the pitch in accordance with the rules of 
Sound. 

"The most accurate method to observe these phenomena is by em- 
ploying a metallic plate of small dimensions, which must be fixed 
horizontally in a vice at one end, and covered on its upper side with a 
surface of water : on causing it to oscillate entirely by means of a bow, 
a regular succession of these vibrating corpuscles will appear arranged 
paraUel to the two directions of the plate, and if the action of the bow 
be rendered continuous, their absolute number might be counted with 
the aid of a micrometer." 

This means that when the object is seen through a microscope, 
the number of particles can be counted that correspond to a 
certain length of the micrometer scale, and thus the number 
corresponding to one inch or any other interval may be known. 

" Diminishing the oscillating part of the plate to one half of its length, 
the double octave to the preceding was heard, agreeably to the 
established rule, that the velocities of the oscillations are inversely 
as the squares of the lengths ; four vibrating corpuscles then occupied 
the space before occupied by one, and the absolute number was 
double to that in the former instance; but the absolute number 
of these corpuscles have no influence whatever on the degree of 
tone, which entirely depends on their relative magnitude in the same 
substance ; theory shows us that in plates of this description alteration 
of breadth does not affect the degree of tune ; let us, therefore, reduce 
this half of the plate to half its breadth, and we shall find the note 
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remain the same, but the absolute number of the corpuscles will in this 
case be equal to that in the entire plate. Let us now take two plates 
of equal lengths and breadths, but one double in thickness to the 
other ; the rule is, that the velocities of the oscillations are as the thick- 
nesses of the plates ; we shall, therefore, in the thicker plate see a 
double number of particles to that of the other, occupying the same 
extent of surface. The last circumstance in which two plates may 
differ is their specific rigidity, and in this respect it will be found that 
two plates of exactly equal dimensions, and covered with the same 
number of vibrating corpuscles of equal magnitudes of the hypothetical 
particles, cannot be assumed as a standard of tune, unless regulated by 
the specific rigidity. 

"Unassisted by any means of actual admeasurement, the above are 
but the proximate results sensible to the eye ; more extended and ac- 
curate experiments are necessary to confirm the results with mathe- 
mathical certainty. As the absolute magnitudes of these particles 
will, I imagine, be hereafter a most useful element for calculation, I will 
here indicate the most effectual way I am acquainted with to arrive at 
this knowledge. A thick metallic slip of considerable length and 
breadth, bent similarly to a tuning-fork, and fixed at its curved part in 
a vice, is very easily excited by friction, and a more considerable sur- 
face of regularly arranged vibrating particles is seen than in most other 
superficies; any description of common exciter may be employed. 
When this bent plate is excited by percussion, the particles, before 
their disappearance, will assume an apparent rotatory motion, oil ac- 
count of the force exerted, and its susceptibility of continuing the vi- 
brations. Employing a parallelopedal rod, the appearances of the 
higher modes form ellipses, and the semi-part at the free end, a reg- 
ular half of the same figure. It is important to remark, that the 
crispations of the water only appear on the sides in the plane of oscilla- 
tion ; the other two sides, on one of which the exciter must be applied^ 
do not show similar appearances. 
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" I have also rendered the phonic molecular vibrations visible, when 
produced by the longitudinal oscillations of a column of air ; the fol- 
lowing were the means employed : I placed the open end of the head 
of a flute or flagiolet on the surface of a vessel of water, and on blow- 
ing to produce the sound, I observed similar crispations to those de- 
scribed above, forming a circle round the end of the tube, and after- 
wards appearing to radiate in right lines ; on the harmonics of the tube 
being sounded^ the crispations were correspondently diminished in mag- 
nituder 

It is certainly most remarkable, that having discovered the 
particles of Sound in their different varieties, according to the 
pitch or tone, practically a disclosure of the whole theory, 
neither Mr. Wheatstone, nor anyone else was able to announce 
it, that is, to get out of the rut into which most foolishiy they 
had been led by incompetent leaders. And thus, this most 
important knowledge for nearly a hundred years has been lost 
to the world. 



« 



These phenomena will be more evident if the tube be raised a 
little from the surface of the liquid and a thin connecting film be left 
surrounding it ; the vibrating particles will then occupy a greater space, 
and be more sensible. 

" The existence of the molecular vibrations being now completely es- 
tablished, it becomes a critical question, in what manner the sensible 
oscillations induce these vibrating particles. 

"To avoid confusion, I have restricted the word vibrations to the 
motions of the more minute parts, and the term oscillations to those of 
the sensible divisions. We may reasonably suppose that the molec- 
ular vibrations pervade the entire substance of a phonic ; their excur- 
sions, however, are not the same in all parts, and they can only be 
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rendered visible, when these excursions are large ; they may be so few 
in number as to be entirely inaudible, as in their transmission through 
linear conductors ; but however few, when they are properly directed, 
they induce the mechanical divisions of sonorous bodies, each of which 
will give birth to numerous vibrating corpuscles whose excursions are 
greater, and the sound will be rendered audible. Dr. Savart has well 
investigated the modes of division in surfaces put in motion by com- 
municated vibrations. All those phonics whose limited superficies pre- 
clude them from exciting in themselves a sufficient number of vibrating 
corpuscles, when insulated, produce scarcely any perceptible sound, as 
extended chords, tuning-forks, &c., but those whose superficies or solid- 
ities are more extended, as bells, elastic laminae, columns of air, &c. 
produce sufficient volume of sound without accessory means. 

" Loudness of Sound is dependent on the excursions of the vibrations ; 
volume or fullness on the number of co-existing particles put in 
motion. Thus the tones of the ^Eolian harp, on account of the 
number of subdivisions of the strings, are remarkably beautiful and rich, 
without possessing much power ; and the sounds of an Harmonica glass, 
in which a greater number of particles are excited than by any other 
means, are extraordinarily so united, according to the method of excita- 
tion, with considerable intensity ; their pervading nature is one of the 
greatest peculiarities of these sounds. 

"The following is a recapitulation of the various properties of Sound, 
which are attributable tp modifications of the vibrating corpuscles : 



The tune 

The time 

The intensity 

The richness, or volume 

The quality (timbre) 



CA 



velocities of the vibrations. 

continuance of the vibrations. 

excursions of the vibrations. 

number of co-existing vibrations. 

magnitudes of the vibrating cor- 
puscles. 

It has often been thought necessary to admit the existence of more 
minute motions than the sensible oscillations, in order to account for 
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many phenomena in the production of sound. Perrault in his ' Essai 
du Bruity' insisted on their necessity more than any other author I have 
read : he imagined, that the vibrations have a much greater velocity 
than the oscillations which cause them, but the experiment he adduced 
to prove this is far from conclusive ; he mistook for these vibrations the 
oscillations of the subdivisions of the long string he employed. Other 
distinguished philosophers have had ideas of a similar nature, and 
Chladni thinks their existence necessary to account for the varieties of 
quality. I, however, conceived I was the first who had indicated these 
phenomena by experiment, until a few days ago repeating them, together 
with the others which form the subject of this paper, in the presence of 
Prof. Oersted, of Copenhagen, he acquainted me with some similar ex- 
periments of his own. Substituting a very fine powder, Lycopodium 
instead of the sand used by Chladni, for showing the oscillations of 
elastic plates, this eminent philosopher found the particles not only re- 
pulsed to the nodal lines, but at the same time to be accumulated in small 
parcels on and near the centres of vibrations; these appearances he 
presumed to indicate more minute vibrations, which were the causes of 
the quality of the sound : subsequently he confirmed his opinion, by ob- 
serving the crispations of water, or alcohol, on similar plates, and showed 
that the same minute vibrations must take place in the transmitting 
medium, as they were equally produced in a surface of water ^ when the 
sounding plate was dipped into a mass of this fluid. These experiments 
were inserted in Lieber's History of Natural Philosophy, 181 3. 

REcnLiNE\L Transmission of Sound. 
''As the laws of the comunication of the phonic vibrations are more 

evident in linear conductors, I shall confine the present article to a 

summary of their principal phenomena. 

** In my first experiments on this subject, I placed a tuning-fork, or a 

"Crhord extended on a bow, on the extremity of a glass, or metallic rod, 

five feet in length, communicating with a sounding board ; the sound 
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was heard as instantaneously as when the fork was in immediate con- 
tact, and it immediately ceased when the rod was removed from the 
sounding board, or the fork from the rod. From this it is evident that 
the vibrations, inaudible in their transmission, being multiplied by meet- 
ing with a sonorous body, become very sensibly heard. Pursuing my 
investigations on this subject, I have discovered means for transmitting, 
through rods of much greater lengths and of very inconsiderable thick- 
nesses, the sounds of all musical instruments dependent on the- vibra- 
tions of solid bodies, and of many descriptions oi wmd instruments. 
It is astonishing how all the varieties of tune, quality, and audibility, 
and all the combinations of harmony, are thus transmitted unimpaired, 
and again rendered audible by communication with an appropriate re- 
ceiver. One of the practical applications of this discovery has been 
exhibited in London for about two years under the appellation of * The 
Enchanted Lyre.* So perfect was the illusion in this instance from 
the intense vibratory state of the reciprocating instrument, and from the 
interception of the sounds of the distant exciting one, that it was uni- 
versally imagined to be one of the highest efforts of ingenuity in musi- 
cal mechanism. The details of the extensive modifications of which 
this invention is susceptible, I shall reserve for a future communication ; 
the external appearance and effects of the individual application above 
mentioned have been described in the principal periodical journals. 

"The transmission of the vibrations through any commtmicating 
medium as well as through linear conductors is attended by peculiar 
phenomena ; pulses are formed similar to those in longitudinal phonics, 
and consequently the centres of vibration and the nodes are reproduced 
periodically at equal distances ; in this we observe an analogous dis- 
position with regard to light. I had intended to include in this paper 
all the analogical facts I have observed illustratory of the identity of 
the cause of these two principal objects of sensation, but want of time, 
and the danger of delay, now the subject is occupying f luch the 
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attention of the scientific world, have induced me hastily to collect the 
present experiments, and to defer the others for a future opportunity. 

"The thicknesses of conductors materially influence the power of 
transmission, and there is a limit of thickness, differing for the differ- 
ent degree of tune, beyond which the vibrations will not be transmitted. 
The vibrations of acute sounds can be transmitted through smaller wires 
than those of grave sounds : a proof of this is easy ; attach a tuning- 
fork to one end of a very small wire, and apply the other end to the 
ear, or a sounding board ; on striking the fork rather hard, two co- 
existing sounds will be produced, that which is more acute will be dis- 
tinctly heard, but the other will not be transmitted. If the vibrations 
of a tuning-fork be conducted through a piece of brass wire of the size 
and thickness of a large needle, the sound, imperfectly transmitted, will 
become more audible by the pressure of fingers on the conducting wire ; 
but if a steel wire of the same length and thickness be employed, the 
sound will be unaltered by any pressure, because steel has a greater 
specific elasticity than brass." 

Held in the meshes of a false theory, Mr. Wheatstone is still 
somewhat confused with the idea that the sounding-body is 
transmitted, instead of Sound He is wholly mistaken that the 
explanation of these corpuscles not being audible in linear con- 
ductors is their fewness. Every particle that is delivered to the 
sounding-board from the sounding body or bodies, in above 
concert, passes through the conductors. When spread over the 
sounding-board they are thrown off into the air, and thus get 
access to the ears of one or many persons within their reach. 

These are inaudible, or nearly so, because they can't, or don't, 
under the circumstances, get out of the conductor. As they are 
the sound and only sound in this field, unless in some way they 
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can get into the ear they cannot affect the soul, any soul. But 
if no sentient being ever existed upon this globe, they are 
Sound and would affect such, if they could get access to them. 

If Mr. Wheatstone had run one of these conductors from the 
sounding body between his teeth he would have had music 
enough, and there would have been just so much less at his 
concert in the upper story. 

And you might as well call a brook the vibration of a spring, 
as Sound the vibration of a tuning-fork or any other musical 
instrument. 

The vibrations of a tuning-fork are the movements of its 
prongs to and fro; and like everything else in the jvorld, have 
a cause, /. c. a material cause, and this is the disturbance, or 
shock, which is both something and produces something; the 
disturbance being a movement of matter, and the thing produced 
a new kind of matter, Sound, infinitesimal particles of moving 
matter, which, circulating in the fork, cause its prongs to vibrate. 

This Sound will continue to vibrate in the fork, that is, to 
make it move, or its prongs move, so long as it remains in it, 
which will be through its natural life, unless it is thrown off 
by the fork, or conducted away. The throwing off process is 
a slow one ; but it can be conducted, as Mr. Wheatstone shows, 
by certain kinds of rods connecting with the vibrating part of 
any musical instrument, as the stem of the tuning-fork, and 
through these conductors it may be distributed over another 
sounding-board, similarly as a flowing stream may be conducted 
from one pond into another. 

Because of the comparatively large surface and character of 
the sounding-board, the sound is transferred rapidly into the 
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air, by which it readily finds its way into the ears of sentient 
beings, and thus performs the mission for which it was created. 

The statement, made by Prof. Tyndall and other scientists, 
that the vibrations of the tuning-fork, or other instruments, are 
transferred to the sounding-board, or anywhere else, is utter 
nonsense, unless the words "vibrations of the tuning-fork" are 
used metaphorically. 

For the Amazon River no more certainly starts upon the 
lofty peaks of the Andes, because of the disturbances of rain 
and snow which there take place, than the streams of Sound 
start where disturbances of bodies take place, and flow through 
the air or by other conductors, until their mission, which is their 
life, is ended. 

And these streams of Sound just as certainly make these 
musical instruments vibrate whilst they are in them, as they 
make the deal stick or other conductor, held in the hand, vi- 
brate — more accurately tremble, — as they pass through it; or, 
entering the bodily system, impress the soul with their peculiar 



message. 



The streams of Sound are electrical streams of matter, com- 
posed of infinitesimal particles of infinite numbers, which have 
a constant tendency to scatter in independent directions, and do 
so scatter in air, or elsewhere, unless held in straight line by a 
conducting body, as in a wire, and always when thus held they 
break away at a tangent at every opportunity. 

All this goes to prove that Sound is electrical, acting in such 
regards very much as we perceive through wireless telegraphy 
that electricity does, the amount of space which it can fill 
alone dependent upon the amount of electricity at command. 
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And it takes but a little to go a great way. There are limits to 
the amount of electricity, or sound, or any thing else, needed, 
and therefore limit to the quantity which exists ; the two being 
with much exactness proportionate to each other. 

There follows a closing article on the Polarization of Sound in 
which again the ** transmission of vibrations " is referred to. 

In all cases this so-called " transmission of vibrations" is simply 
the manner in which Sound travels under different circumstances. 
In ever)'- case when moving through a rectilinear conductor all 
the sound so moving is furnished by the sounding body, or 
bodies. 

The agitation of much sound as it goes through different con- 
ductors is often very sensible to the hand holding them, but can 
only be heard as the sound gets into the air because it cannot 
otherwise get into the ear. In the experiments made by Prof. 
Henry at Washington, he found that the same fork, struck in the 
same manner, which would vibrate 252 seconds when "suspended 
in the free air by a fine cambric thread," was emptied, if placed 
upon a marble slab, solid brick wall, and wall of lath and plaster, 
respectively, in 115, 88, and 18 seconds. 

Placed upon a large thin pine board the sound entirely ran 
out in 10 seconds. In this case Prof. Henr>' remarks: "The 
shortness of duration was compensated for by the greater inten- 
sity of effect produced." 

"Placed on a cube of india-rubber," Prof. Henry says, "the 
sound emitted by the fork was scarcely greater then when sus- 
pended from the cambric thread, but its duration was only 40 
seconds. In this case, the sound was neither transmitted through 
the rubber nor given off to the air; but probably produced a 
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change in the matter of the rubber, or was changed to heat, or 

both." 

Both common sense and the above experiments show that 

what scientists call **vibrations'* are Sound ; and the ingenious 
phrase "transmission of vibrations" which has so successfully 
deceived the ignorant, and some that ought not to be so igno- 
rant, for many years, is simply the transmission of Sound ; which 
can be transmitted, so long as it continues to exist, by conduc- 
tors of different material, at a rate var\'ing from IICX) to 18,000 
feet per second more or less, or. if assisted by the electric cur- 
rent, whether by telephone, or telegraph, wireless or othenvise 
184,000 miles per second, more or less. 
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XXX. 

WE add a translation from " The Mechanical Part of Natural 
Science" by Hans Christian Oersted on vibrating 
plates, liquids and tubes, taken from the German edition of 
1851, exhibiting with the illustrations the difierent ways in 
which these bodies vibrate. 

" If a square disc is supported at the middle points of its ddes and 
then stroked at 3 comer, there are formed nodes as in the first quartei 
<A figure 23. If it is then supported at the corners and stroked at 



Fig. XX. Fig. 23. 

the middle point of its side there will appear a figure as in the first 
quarter of figure 23, and one can say in general that if two points on 
a disc are supported the siraight line which is drawn between them is 
a node. It is not necessary, in order to bring out a certain figure, to 
support all the end-points of the nodes ; but it is sulhcient to support 
so many points that a section can not durinfi the stroking vibrate in 
more than one direction, for in that case the disc will become so 
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arranged that the other parts of the figure appear. So in figure above, 
it would have been sufficient to have supported the point of intersection 
of the nodes. How differently through manipulation might be formed 
the figures of a simple square disc, the following figures will show to 
describe whose origin would be not very instructive. 



Fig. a6. Fig. 27. 

" If one supijorts a circular disc at the center and strokes a place 
on the circumference, then occur two exlremitiea of the nodes, which 
"become diameters, each about 45" from the spot which was stroked, 
■^rhich results appear equally well if one supports the disc at a point on 
Ihe circumference and strokes it at a |K>int 45° distant ; if one strokes 
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it 30° from the point of support there is lormed a star with six points. 
If one supports it at a distance of if from the point of support it Is 
divided into >^J parts. If one supports a point within the disc and 
strokes the corresponding point on the circumference then is formed a 
node concentric with the circumference of the disc and passing through 
the point of support. Also on a round disc numberless complicated 
figures may be produced by special devices as those of figure 28 show. 



Fig. 38. 

" In all these experiments it is evident that the sand not only covers 
the nodes, but also a part of the space on either side of them, since 
namely, the parts of the vibrating disc which are near them, and there- 
fore make shorter vibrations, have not enough motion to throw the sand 
away from themselves. This lack of strength in throwing away the 
sand becomes even more pronounced near the intersections of nodes 
where a still greater space remains cohered with sand, and that is the 
reason why the figures never form straight lines, but the sand arranges 
itself in crooked borders about the nodes, which crooked lines I have 
discovered to be hyperbolas whose asymptotes are the nodes. 

"If one uses for these experiments a finer dust, as for example witch 
meal (Lycopodium), there appear many movements which are not 
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apparent when sand is used. This is for the reason that grains of sand 
and other similar bodies are set into such violent motion when they 
receive the shock of the vibrating plane that they in part, make often 
repeated leaps and therefore cannot come to rest except upon those 
places which have a very slight movement ; on the other hand each 
part of the fine dust receives a much smaller amount of the motion, and 
therefore overcomes the opposition of the air, with more difficulty, or 
is borne up more by the air and falls with much less swiftness, and finally 
is affected by those motions in which the air itself is set by the vibra- 
ting plane. These complications are all not yet completely cleared up 
bat they deserve all the more to be considered experimentally. If one 
covers a part of the disc with water or alcohol then there appear these 
various smaller vibrations which here take place but now on appear as 
small intersecting waves. If one uses for the figure a metallic-dust with 
little elasticity, da for example lead filings, then one receives not the 
finer vibrations which the fine dust showed but the numerous move- 
ments of the sand and similar bodies and the lines of dust lie still more 
distant from the nodes. The path, which the small particles trace on 
the vibrating glass in order to reach their resting places, one can 
easily show if he chooses a powder which adheres, to a certain degree, 
to the glass, and thereby shows its own path. If one pours the powder 
on only the points of greatest motion, then the particles extend out 
like beams and equally strong in all directions, in which they find 
points of rest, and by no means move merely toward the nearest points 
of rest But these beams are not straight lines but the law of their 
formation is that their direction at the moment when they intersect the 
lines of rest is perpendicular to the latter, so that the momentum of 
the particles meeting from both sides at the line of rest destroys the 
force of each other. 

"If curved surfaces such as bells, glasses (tumblers) and similar 
objects are set vibrating, there arise likewise nodes which divide the 
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surface into swinging parts. One can show this if he pours water or 
quicksilver into a large glass, figures 39 and 30, and strokes the rim 




Fig. 19. Fig. 30. 

with a bow. Then the liquid will from several places within the ciicle 
be violently repelled and at other places remain at rest. 

"Thin bodies such as paper, bladders, gold-beater's skin, etc., can 
also show figures. If one stretches these across a wooden frame or bell- 
jai, covers them with sand or witch-meal and then sets them vibrating 
by bringing near them a vibrating plate, they will then show a diagram 
similar to that which the plate itself would give. 

"Longitudinal vibrations are produced in a different way, for 
example with a glass tube 4 or 5 feet long asd 3 or 4 lines in diameter, 
while one holds it firmly by the middle and nibs it with a damp cloth. 
If one holds the tube horizontally and hangs little paper rings on the 
half which is not nibbed, then these are moved and first come to rest 
at the points where the vibration nodes are. If one turns the tube 
in his hand a little, the rings do not remain at rest in the same places, 
but are moved to other points. If one marks these difierent points, 
then be will see that the vibration-nodes form a sort of irregular spiral 




Fig. 31 and 3a. 
line about the tube, figures 31 and 31. The inner surface of the tube 
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shows a similar line of nodes, which one can find by placing little pieces 
of cork or wax within the tube. 

" If one holds the glass tube vertical he can find the position of the 
nodes by placing in the lower end a smooth-fitting cork. This will 
rise in the tube till it finds a vibration- node where it can remain at 
rest. The force with which the cork is raised is so great that it can 
lift a column of water which is above it. 

'' If one connects two circular parallel disks by a glass rod, which 
is fastened vertically to their centers and then strokes one of them with 
a violin bow, the same vibrations will be caused in the other plane, and 
both will form the same figure in sand which is sprinkled on them." 

This because glass is a good conductor of Sound. Thus place 
an inverted tumbler on wooden table ; strike a tuning-fork and 
put stem on bottom of tumbler. Immediately the table is filled 
with sound from the tuning-fork, showing the tumbler to be an 
excellent conductor. 

*' If a metal wire with a suspended weight is twisted about its axis, 
if the twisting force ceases, it strives to return to its original position. 
But since on account of the momentum it has acquired, it goes beyond 
this there arises a series of swings, each of which is completed in an 
equal interval of time, no matter whether the angle through which it 
twists be great or small. 

" From this it follows that the force causing the movement in such a 
wire, must at each movement be in proportion to the angle which must 
be traversed, because otherwise twists of unequal size would not be 
made in the same time. This, in other words, means that the twisting 
force varies as the angle of twist." 
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IN this essay, we have demonstrated in at least a dozen differ- 
* ent directions, that Sound is corpuscular, a combination 
of matter. First, in the nature of things, it would be impossible 
for it to be otherwise, as this is the one and only method by 
which mind existing in material conditions is instructed, or in 
any way provided for. 

Second, the hypothesis that particles of air are combined in 
special form, and move in all directions, representing something 
that, in its nature, is fixed and unchangeable, is so inconceivably 
stupid, that we cannot help but doubt whether seriously any- 
one ever believed it. 

We have proven that the idea, universal in text-books of 
physics, that damage caused by explosions is due to Sound, is 
entirely incorrect. Any suggestion that damage done by hurri- 
canes, tornadoes, or storms of any kind, is due to Sound, would 
be equally incorrect. There are plenty of air pulses around at 
such times, and if Sound was air pulses it would be implicated, 
but it is not. 

We have shown that the theory has been condemned by 
many able men of the past, including Plato, who is said to have 
held that Sound was particles of matter, wafted through the air 
to the soul. 

We have called attention to the fact that all the sources of 
sensations, including odor, and only excepting, by the more in- 
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different thinkers. Light and Sound, are known to be particles 
of matter, and that to anyone of good sense, who carefully 
considers the subject, it is self-ievident that the sources of all the 
sensations are similar. Great truths are frequently so self-evi- 
dent that it should be impossible to go amiss in regard to them 

We have called attention to the absurdity of the explanation 
made by all scientists of the action of Sound at a telephone, 
that it is repeated by the diafram of the receiving instrument ; 
offering cash, $1000, to the first person who shall prove it; 
without, as yet, a single word in response. We have also offered 
the same to the first person who shall prove that the undula- 
tory theories are true. And both of these offers we repeat here. 

The claim that the diafram can talk or repeat Sound, is ab- 
solutely without the slightest possible foundation, and incon- 
ceivable to anyone who has ever carefully considered the methods 
employed by nature in the construction of the universe, for it 
includes the idea that something could make Sound that wasn't 
made to make it, and hadn't any machinery with which to make 
it; in other words, ignores the great and universal principle 
of an appropriate cause for every effect ; thus assuming that 
grapes can be gathered from thorns, and figs from thistles. 

Certain so-called philosophers have claimed, and it has been 
accepted by the text-books, that solid bodies, which they call 
elastic, are composed of several varieties of particles, the small- 
est of which they name corpuscles, and that these corpuscles, in 
case of shock, which produces Sound, although not able to 
separate themselves, because belonging to solid bodies, are dis- 
turbed and in some way cause, how not explained, the body in 
which they are assumed to be, to vibrate. 
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All of this is hypothesis and pure romancing. Every body 
has its normal vibration — the vibration which it would naturally 
make, if struck or subjected to shock, and not interfered with. 
Such shock or disturbance always precedes Sound. Immedi- 
ately with the shock in musical instruments Sound and con- 
tinued vibration take place. The text-books say Sound is pro- 
duced by shock or friction ; but friction is shock. 

The manufacture of Sound is begun with shock or disturbance, 
and completed by the body in which it is made, which itself 
acts as a mill to prepare a particular kind of sound. And this 
is accomplished by the manner in which the material made by 
shock, that is Sound, circulates in the body, the different lines 
of its circulation affecting the sound. 

The process is a very simple one, beginning with shock or a 
blow, which creates the Sound — infinitesimal particles of moving 
electrical matter. 

This instantly starts vibration in the body in which it takes 
place, which body moulds the character of the sound, and when 
finished, — which is done almost instantly, — throws it off into the 
air, where, separating in all directions, it performs the functions 
for which it is made. 

As we have shown this method of manufacturmg Sound is 
similar to artificial methods of manufacturing the varieties of 
things. Material is furnished as lumber, cotton, wool, etc., 
which the different mills deliver in such form as it is wanted ; 
there being a mill to produce every variety. 

And so it is with Sound each variety is produced by a differ- 
ent mill. And many if not all material bodies can be used for 
such mills. A better system for the production of the great 
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varieties of sounds, necessary in the economy of the universe 
is inconceivable. Like all of nature's methods we recognize 
it as the best possible. 

It is, too, as a whole quite similar to the operations of a 
printing press, one of the most ingenious as well as one of the 
most valuable of the inventions of man. 

For here, too, material to be acted upon, blank paper, is fur- 
nished to the machine and rapidly passes through it, when, its 
character entirely changed, it becomes a newspaper, is folded 
and thrown off ; all by the action of the body or machine, which 
it passes through. 

That in nature a similar thing is constantly occurring, al- 
though on a much broader scale and with vastly greater results, 
is certain ; for man can only act in accordance with laws which 
extend throughout the universe ; that is, laws created by God. 
And the law which arranges for the varieties of different things, 
^in this case the varieties of Sound, — is such, through the great 
principle of cause and effect. 

Thus the invention of the telescope or microscope was ac- 
complished by studying the laws of vision. And as the laws 
which govern Sound operate equally in large bodies and in 
small, so those which govern vision are adapted to the largest 
or smallest eye. 

Musical sounds become known to us after they are thrown 
off from the vibrating instrument and enter our ears. But 
these sounds are for some little time retained in the different 
instruments, which vibrate so long as they thus remain, and 
always stop instantly as the sound leaves them. The vibrations 
are also diminished in exact proportion as the sound is drawn off. 
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That this sOi d thus originating in shock, and finished by the 

e 

action of the body in which it is made, is the cause of con- 
tinued vibration, is proven by the fact that when it enters another 
body, having the same normal vibration, it immediately sets this 
second body in vibration, which will continue for a while after 
the vibration in the first body stops. It follows that if the sound 
in the first fork causes the second one tp vibrate when it enters 
it, it must have made the first, a precisely similar fork, or body, 
vibrate when it was in it. 

In this last case there has been no additional shock, and 
therefore the acting sound must have been aroused by the 
original shock, and through a conductor transferred to the 
body of similar character to the one in which it was made, and 
therefore causes it to vibrate, as it did the first, and in the same 
manner throw off the sound which was not thrown off in the 
original sounding-body, but instead conducted here. 

We have called attention to the fact that artificial mills or 
mills made by man, as lumber, woolen, cotton, silk, etc., do not 
make the material of which their goods are made, but simply 
manufacture the different varieties of goods; and we have 
shown that the fundamental principle of Sound is motion, 
which remains the same for the same medium whatever may be 
the intensity or other characteristics of Sound. We have also 
referred to instances where the material manufactured helps 
produce the force which manufactures, which is the condition 
here. 

The text-books tell us that the length of the sonorous air- 
waves, which they call Sound, varies from ^2 feet to a minimum, 
and that the waves by a woman's voice average in length from 
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2 to 4 feet, and by a man's from lo to I2 feet. In wood or 
metal, sound going much faster than in air, these are supposed 
to be over i lOO feet long, and all of them, as the text-books 
teach, represent the correlative of Sound, and must be delivered 
to the ear in perfect condition. It will readily be seen that in 
ordinary conversation, at least in much of it, there is no such 
amount of room at command. All of this conversation might 
be spoken directly into the ear and heard perfectly. And thus, 
the absurdity and impossibility of the theory is again mani- 
fested. 

The Rev. James Challis, for many years Professor of As- 
tronomy at Oxford University, England, says : 

" The possibility of hearing distinctly words spoken at a distance, 
depends on the faithfulness with which the air transmits the impressions 
made on it by the organ of voice. As the difference betyveen the 
sound of one letter and that of another corresponds to a difference in 
the form of the curve representing the succession and magnitude of 
the condensations impressed, it is necessary that the form should 
remain imchanged by distance of transmission in order that words heard 
at different distances may be the sounds." 

We have shown that the general arrangement of the auditory 
nerves is not unlike that of the olfactory nerves, the last of 
which are admitted by all to deliver infinitesimal particles of 
matter to the nostrils. 

We have shown at length that Sound, conversation or other- 
wise, will always get into a wire, if given any opportunity, and 
travel in it whilst it lives, without any electric current, and can 
be plainly heard with telephone arrangements for quite long 
distances. We have shown that to the speed of Sound in air 
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is added the speed of the wind. And thus to the speed of 
Sound in a wire is added the speed of the electric current. 

From experiments, acknowledged by all scientific writers to 
be correct, it is proven that the intensity of Sound depends upon 
the density of the air where it is made. And this means, and 
can mean nothing else than that Sound is manufactured from 
materials a part of which at least exist in air. This alone 
demonstrates the corpuscular theory of Sound true, and no 
scientist, or text-book, denies the evidence. 

And it is no more true that unless the oak was a substantial 
thing it could not make the acorn that would reproduce it, than 
that if Sound was not a substantial thing it could not make 
an instrument that would repeat it. 

And this again is a complete demonstration that the corpus- 
cular theory is true. 

In discussing the ear-trumpet, speaking-trumpet, and mega- 
phone, it is perfectly evident that they are made to collect par- 
ticles of Sound, and conduct them to the ear, as « hopper con- 
ducts grain. We have shown that the various explanations, 
absurd upon their face, of these instruments, made by scientists, 
have all been proven untrue and given up. The ear, too, is 
formed on the same general principle, to catch solid substantial 
particles of matter, passing through the air in large quantities; 
but of what possible u$e could it be with impossible air pulses 
varying in length from a few inches more or less to above i lOO 
feet? It might far easier collect soap bubbles. 

The whole theory is the quintessence of nonsense invented at 
a time, thousands of years ago, by those who held that the world 
was sustained by a pillar, and the pillar rested upon a tortoise's 
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back; and retained now simply and wholly for commercial 
purposes. 

Of course only a small part of teachers teach physics, and, of 
those who do, we do not suppose that the great majority have 
ever fully realized their falsity, but at the bottom the force that 
is carrying these ridiculous errors is commercial ; because there 
is money in them. It is certainly full time that such mon- 
strous blunders were corrected. 

We can see now from the action of the wireless telegraph, 
made so prominent in the recent destruction of the steamer Re- 
public, that electricity radiates from a centre very similarly to 
Sound. Nor is its action any more remarkable. In both cases 
it is infinitesimal particles of matter moving from a centre, the 
electricity infinitely the fastest, although Sound is composed in 
part of it. 

In the direction of the new physics we have shown that 
motion is unquestionably one of the many principles of matter, 
each created to perform some particular function, matter being 
composed of these principles as an aggregate, and motion that 
one of them, perhaps the most important of the whole, which 
makes matter move. 

And we have shown that Sound is matter in motion, formed 
by shock, its particular character decided by the body in which 
it is made, when it is thrown off into the air by the vibration of 
this body, and thus distributed in every direction so as to per- 
form its mission. 

We cannot find a definition in any text-book of a normal vi- 
bration, but we assume that the normal vibration of every body 
is such as it makes when struck, if not interfered with ; and 
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this is always the same in the same body, and generally differ- 
ent in different bodies, but sometimes the same, when they are 
said to vibrate in unison. 

After repeated experiments with forks of the same vibration, 
our experience is, that if one fork is struck and the other is then 
brought in close contact by touch (as placing together the ends 
of the stems), the second fork will begin to vibrate synchro- 
nously, and continue to for a little time after being separated, 
emitting the same sound as the first. 

We have not been able to get such result by placing two forks 
of different vibration near each other, although a second fork thus 
placed of different vibration will act when connected as a con- 
ductor, — the same as a wooden scantling, telegraph wire, or any 
other conductor,^-of the sound made by the first fork. In this 
case the sound stops immediately with that in the first fork 
which is furnishing the supply. 

All hard bodies, or so-called elastic bodies, emit a sound when 
struck, and this is always the same for the same body, if similarly 
struck, but varies in intensity with the blow, and somewhat by 
the manner or thing with which it is struck. Strike a book 
lying flat on the table, it gives one sound ; strike it standing on 
one edge, it gives a different sound. 

The principal difference in sounds comes first from their 
length of duration ; second from their pitch or tone ; third from 
their intensity ; and fourth from their quality. The first depends 
in part upon the blow or shock which starts them, and indirectly 
upon the usual infinite number of preceding causes. 

The second depends upon the amount of a particular kind 
of Sound which comes to the mind in a certain definite time. 
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And therefore the universal principle in nature that effects 
are proportional to amounts decides the tone. 

The third is directly decided by the strength- of the shock, 
or disturbance; second by the density of the air in which 
the sound is made. (We haven't proven this ourselves, 
but suppose it to be true, because so stated by a number 
of able experimenters, and also in every important book of 
Physics, or Encyclopsedic article on Sound, which we have seen ; 
but it is always given without comment.) So far as we 
know there is but one possible explanation, that Sound is 
composed in part, and a very important part if not entirely, of 
material contained in air. The fact that Sound is said to be 
more intense in water than in air would sustain this suggestion, 
as pure water is composed of two parts of oxygen to one of 
hydrogen. The intensity is also in accordance with the uni- 
versal principle in nature that effects are proportionate to 
amounts. 

In the article that we have quoted from the French scientist, 
Ferdinand Papillon it is proven that in the kindred sensation 
of smell, odors made in air similarly to Sound, and wafted into 
t:he nostrils, are almost entirely composed of carbon and hydro- 
gen, with or without oxygen. 

Sound being electrical exerts power in the same manner 
3s the lightning, only in infinitesimal quantities, and by this 
power makes the graphophone record. 

The remarkable thing in this is that every sound (unless two 
sounds made by the same or a similar body) acts with different 
force, and so produces an entirely different instrument. So that 
tJiis wonderful thing Sound, in the aggregate, is able to make 
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instruments which will repeat all the sounds of the world, but 
each instrument can repeat only one sound. And this further 
is remarkable in the graphophone record ; it is composed of 
a very large number of indentures and by experiment it will be 
found that it takes 75 or lOO of these, more or less, to repeat a 
single word, or letter, which shows that Sound is uttered with 
great rapidity, and that its utterance includes any amount of 
shading, what is technically called color or timbre. 

Every instrument must be played on to repeat any sounds, 
which, as we have said, enforces the absolute necessity of shock 
for the production of Sound. 

Over 200 years ago, Thomas Hooke, a contemporary of New- 
ton, in demonstrating memory to be a record, was asked how he 
accounted for the memory of sounds. 

His answer was "There is a little instrument here (pointing to 
the brain) that repeats them. And," — he added — "it might be 
made artificially." 

We have shown that the usual comparison of so-called sound 
waves with water waves is a humbug, not the slightest resem- 
blance being possible between them. 

The water waves are on a surface ; the assumed sound waves 
in the body of a fluid. The water waves are the result of gravi- 
tation and momentum, neither of which could influence these 
hypothetical sound waves. The water waves move at the slow 
rate of about seven feet a second ; the supposed air pulses at 
about eleven hundred. The water waves are substantial ; the 
sonorous ones, wholly mythical. 

On strictly scientific principles we have proven this undula- 
tory theory of sound to be erroneous ; on far broader princi- 
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pies, those which have to do with the construction of creation, 
we have shown all undulatory theories to be incorrect, for there is 
nothing done that way. The principles governing the universe, 
jcertainly in these regards, are plainly enough manifested and of 
very different character. Not only the laws which control 
matter, but those which connect with the interaction of mind 
upon matter, or matter upon mind. Indeed the whole system 
of the universe is as different from the teachings of science in 
these and many other respects as the East is from the West. 
The one is magnificent and true ; the other cramped, and incon- 
ceivably absurd as well as false. The average teacher in such 
subjects is entirely unable to withstand the assertion of authority 
from those who have been promoted, — blind leaders of the blind. 
But there are signs now throughout the scientific world of a 
reaction; the dawn of a brighter morning for science, when 
the New Physics will everywhere prevail, and we will hope not 
only the substantial and uniform laws which exist in the material 
universe be perceived, but far above these, those that govern 
spiritual existence, that as yet we have but a very indifferent 
knowledge of. 

Indeed, there is no organ by which man can see this at all, 
but it is the power that creates all things ; the power which con- 
tinues their performance ; the power which thinks ; the power 
Ajvhich loves; the power that is in touch with all existence; 
l>efore which the speed of electricity, or light, pales into insig- 
nificance. For whilst, as the philosophers tell us, and we know 
xio reason to doubt it, there are innumerable stars whose light 
lias not yet had time to reach this earth although moving 
at the rate of 184,000 miles per second, by thought we can in- 



268 THE NEW PHYSICS 

stantly span such distance, and thus come in touch with all. 
Nor is it possible to say that this thinking part of ourselves, 
at any moment, when it passes from one phase of existence 
into another, may not awake into the full glory of spiritual ex- 
istence, equal in all its capacities to this instantaneous action of 
thought 
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Beautiful, the, composed of beauty, 

«77. 
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ticipation of the beautiful, 178. 
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CHLADXI'S Figure!, 250. IGreen Moontains, stonns upojkf 146. 

Colon like foimd made from matter, Guitar, 167. 
88. I 

Combinatioiis of matter, nature'* method of U ^RMONT. 166. 
influencing mind. 28. ** Helmholtz'.A 

Consonance, nature of, 134,229. 
Consonance and resonance, 77, 81, 250. 
Constance of form necessary in air waves. 



Analysis of sound, 103. 
Hurricane or tornado, speed of, 146. 
Hypotheses, discussion of, by Faraday, 58. 
" of doubtful utility, 1 16. 



test of, 56. 



DIAFRAM, function of, 231, 233. 
Disturbance, cause of sound, 26. 
Diversity universal, 229. 
Doppler's Principle, 73-76, 

EAR, the human. III. 
Ear trumpet, 1 39. 
Ear trumpet, discussion of, 206, 262. 
** ** explanation of, 22. 
Effect dependem upon cause, 134. 
Effects independent of size, 198. 
" proportionate to amounts, 141, 183. Matter, changes in, either physical or 



T>^ ONIG'S manometric flames, 96-99. 

LAWS of nature not superceded in 
making the graphuphone record, 136. 
Law, theory and h)'pothesis, 127. 
Light and Sound, analogy between, 142. 
Light, nature of, 172. 

MACHINERY, composition of, vari- 
able, 207. 



** sequence of, how determined, 237. 
Enchanted lyre, 234. 

FINIS, 268. 
Flames, sensative, 149. 
Force, 128. 
f mit, formation of, 209. 

GOODS, composition of, how deter- 
mined, 208. 
Gvaphophone, 91. 

" record, cast of, 217. 

" record, dicuasion of, 212, 

217, 232. 
" record, how made, 182. 

" record made by sound, 6, 
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chemical, 129. 
definition of, 126. 
designed by Intelligence for the 

purposes of Creation, 205. 
influence of, upon mind, 16. 
*• properties of, 13a 
Megaphone, 91, 262. 
Melody, 166. 
Motion, a part of matter, 176. 

** a principle of matter, 177, 246. 
how produced, 177, 179. 
transference of, 176. 
Movement always caused by the principle 
of motion, 197. 
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NATURAL «,d artiadal thmgf limi. 
larly made, 93. 
innate movement in sound. Natural law, universality of, 21 1. 
204. ! Nature constantly produces different sub- 

record, when thrown into' stances from the same materials used 
vibration, produces sound in different proportions, 89. 
which made it, 181. jNature's laws, universality of, 31. 
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New Physics, the, 113, 197, 267. 
Nonnal Vibration defined, 221. 

ODOR, consists of infinitesimal parti- 
cles of matter, 30. 
Odor, discussion of, 34-47. 
Odors, like sound and colors, also com- 
posed of matter and mainly of carbon 
and hydrogen with or without oxygen, 

89. 

Order, Nature's first law, 196. 
Oscillations, mechanical, not the immediate 

cause of sound, 235. 
Overtone, 170, 

PHENOMENA, definition of, 126. 
Phenomena, not dependent upon 
size, 190. 
Phenomena of Sound, all satisfactorily ex- 
plained by the Corpuscular Theory, 
not any by the Undulatoiy, 3. 
Philosophy, inductive, definition of, 127. 
Phonautograph, 93-96. 
Phonics, linear, 234. 
solid, 235. 
superficial, 235. 
Phonograph, discussion of, 87. 
Physics, SiUiman's, Introduction of, 126- 

131. 

RAIN, cause of, 92. 
Resonance, 230. 
Resonator, 104, 159. 

Rules of reasoning in Philosophy, by Sir 
Isaac Newton, 9. 

SAVART'S apparatus, 83. 
Sensations, the, 3:^ 33. 
Sensations, the result of combinations of 

matter, 47. 
Sensitive flames, 149. 

Shock and vibration, distinction between, 

223. 
** necessary to Sound, 6, la 



Shock necessary to the production of sound 

by graphophone record 

134. 
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or friction, cause of sound, 25, 258, 
Sirene, 86. 

Soul influenced by material things, 198. 
Sound, a copy of disturbance, 132. 

action of, 216, 230, 234. 
** of, similar to a fluid, 82. 

a fluid, 230. 

all phenomena of, satisfactorily ex- 
plained by the Corpuscular The- 
ory, not at all by the Undulatory, 3, 

always made by shock, 229. 

an acoustic picture, 181, 188. 

analysis of, 103. 

and light, analogy between, 142. 

apparatus for analysis of, 105. 

article on, 1 1 7-120. 

a sensation, I. 

brief existence of, 184. 

caused by disturbance, 26. 

caused by instruments made to pro- 
duce it, 8. 

caused by shock, 6, 10, 225. 

character of, determined by bodies 
colliding, 224. 

character of, determined by sound- 
ing-body, 187. 

collection of, by sail of ship, 49. 

completed in the body in which 
made, 226. 

composed of infinitesimal particles 
of matter, 10, 224. 

conductible like a fluid, 73. 

conduction of, by needle from 
sounding-board, 12. 

corpuscles of, vary in numbers and 
magnitude, 237. 

corpuscular, 203. 
** corpuscular made by shock, 133. 
** Corpuscular veisus Undulatory The 
ory of, 61 • 
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Sound, dependent upon the matter uf 
which composed, S<'>. 
" depends only ujxm the proper com- 
bination of matter, 134. 
differences of, caused by material 

from which made, 14. 
discussion of, 204-233. 

« " by Sir Charles Wheat-; 

stone, 234. 

« " by Tyndall, 78. 

distance heard, dcpcnrls upon its 

intensity, 190. 
double definition of, al>surdity of. 

122, 123. 
effect of on flame, 202. 
electrical, 13, 185, 225. 
essential nature of, 1S5. 
experiments on, by Ilawksbcc, 66- 

7'- 
exphjsion of, 144. 

llelmoltz's analysis of, 103. 

hutory of, 171. 

how made, 206-208. 

hypothesis in regard to, 114. 

infmite varieties of, 1S8. , 

intensity of, 45, 62, 264. 

intensity of, depends upon density 

of air where made, 200, 227, 262. 
intensity of, depends upon the 

shock, 13. 
intensity of, diminishes with the 

scjuare of the distance, S2, 
intensity of, discussion of, 201. 

I 

intensity of, proportionate toj 
strength (»f the disturbance, 190. 

interference of, 18. 

in vacuo, 64. 

invisible because infinitesimal, 28. 

made by shock, 183, 188. 

made by sound-producing instru- 
ments, 5. 

makes vibration, 186. 

manufacture of, similar to that of 
other material things, 205. 
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Sound, matter in motion, 1 81, 183. 

mediums for conducting, 156. 

motion of, inherent, 16. 

motion of, similar to that of other 
moving bodies, 188. 

movement of, 48. 

musical, 259. 

nature of, 81. 

object of, 1 84. 

odor, flavor, motion, principle of, 
185. 

or odor repeateil by similar com- 
binations of matter, 134. 

particles of, discovered by Sir 
Charles Wheatstone, 234. 

pitch of, determined by vibration, 

13. 

probably composed of naaterials 
existing in air, 135. 

produced by shock, 85. 

producing bodies made by sound, 
86. 

producing instruments, similar, pro- 
duce similar sound, 133. 

propagation of, in solids, 50, 

proj>erties of, 242. 

quality of, 108. 

rectilineal transmission of, 243. 
** reflection of, 100. 
" refraction of, 101. 

reinf(jrced by sounding-board or 
unison vibration, 183. 

repeated by graphophone reconl, 6. 

synthesis of, 106. 

the particular character of, decided 
by vibration, 188. 

throum off by vibration, 183. 

transmission of, by wires, 52-56. 

undulatory theory of, fails to satis- 
factorily exj)]ain the cause of dif- 
ferent sounds, 210. 

un<lulator>' theory of, origin of, 144 

use of, I. 
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Sound, varieties of, how obtained, 227. jUniyexsality of Natural Law, 3. 
" velocity of, in different substances. Universe, constructed by intelligence ai> 

cording to mechanical principles, 2. 



20, 157. 
" waves, difficulties of, in passing 

through partitions, 60. 
** '^ in air, impossible, 20. 

Sounding-board, discussion of, 183. 
Sounding-boards, effect of, 162. 
Sounding-body, normal vibration of, 6. 

** " the source of Sound, 187. 

Sounding rods and plates, x68. 
Sounds, heard at telephone not made by 
diafram, 4. 
" how represented in graphophone 
record, 88. 
Sounds of strings and stringed instruments, 

160. 
Sounds, perception of, ill. 

** sympathetic or unison, 152. 
'* vocaU production of, 109-1 10. 
Speaking trumpet, 137, 262. 
Stethescope, 155. 
Strings, vibration of, 163. 
Summary, 256. 
Sympathetic vibration, 157, 158. 

Synthesis of Sound, 106. 

TELEGRAPH, wireless, 249, 263. 
Telephone, discussion of, 56. 
Telephone, experiments with, 56. 
Thought, instantaneous action of, 268. 
Timbre or color of Sound, 22. 
Tuning forks, 167, 169. 

adjustiable, 87. 

duration of vibration of, 183, 

186. 
vibration of, discussed, 182. 
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UNDULATORY theories founded on 
unproven hypotheses, 1 75. 
Unison vibration, x 2, 96, 105. 



VARIETIES of material things, how 
obtained, 227, 258. 
Vibrating bodies determine character of 

Sound, 188. 
Vibrating membranes, 254. 
Vibrating plates, 25a 

" experiments with, 238. 
** oscillating parts of, con- 
sist of vibrating particles, 
238. 

Vibration, dependent upon the vibratiiig' 
body, and therefore changes 
only as there are changes in 
the body, 84. 
longitudinal, 254. 
made by Sound, x86, 260. 
made by Sound, demonstration 

of, 12. 
normal, 217, 263. 
of tuning-forks, theory regard- 
ing. 173- 
sympathetic or unison, 77. 

unison, 264. 

unison, an important principle 
of sound, 181. 
Vision, correlative of, 25. 

" nature of, 17. 
Vitality or principle of life, 130. 
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WATER, composition of, 226. 
Water waves, discussion of, 194, 
197, 266. 
Water waves, no new principles involved 

in, 197. 
Waves, reflected, loa 
Wheatstone*s experiments with conductoci 
and sounding-boards, 79. 
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NEWEST THEORY of LIGHT 



WHICH MAKES IT A STREAM OF MINUTE BODIES 



Old Ide.\s Upset by the Arrhexius Theory of Light Pressure — 
Comets, the Zodiacal Light and Other Perplexing Problems 
Explained by a Swedish Professor. 



THE following is from a t^o-column article in the New York Sun 
of Sunday, August 30th. It suggests several very strong argu- 
ments in favor of the Newtonian or corpuscular theory of light ; but 
even more suggests the strong hold the New Physics have already 
obtained among prominent scientists of different countries. 

" Cambridge, Mass., Aug 29, 1908. — The theory of light pressure, the 
subject of discussion for some time past among astronomers, physicists 
and chemists, has begun to impinge itself upon popular consciousness. 

** But light, so well behaved, so definite and so positive in the labora- 
tory, has been creating scandals among the makers of text-books. 
New sections have had to be added to explain the ultra violet micro- 
scope, and now the books apparently must be revised to include a 
theory which makes of the pressure of light a force co-equal in im- 
portance with gravitation. 

" Just whether Arrhenius, Lebedeff, Hull and Nichols, whose names 
axe associated with the recent discoveries of the cosmical significance 
of light pressure, have hit uix)n something as fundamental in the history 
of science as Newton's discovery of the law of gravitation, it would be 
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oat of place to attempt to argue now. Enough that their theories have 
proved to be immensely suggestive ; that conservative astronomers like 
Prof. Edward C. Pickering at Harvard, whose work has lain in other 
than electro-chemical directions, are expressing themselves as intensely 
interested in the generalizations from the light pressure doctrine, and 
that to most people the conception of light as a propulsive agent is 
still new and even startling. 

"That a beam of light theoretically ought to exert pressure upon 
whate\'er object it falls was evident in the days when the Newtonian 
theory of emission of luminous corpuscles was held by scientists. If a 
candle flame or a sun in burning threw off minute particles of material 
light, clearly the impact of these traveling at iS6,ooo miles a second 
should be considerable. 

"The Russian, Lebedeff, first proved experimentally that light exerts 
pressure. Prof. Nichols and Hull, working at Dartmouth College, 
confirmed his experiments and improved his methods. 

" Meantime Svante Arrhenius of the Universit>' of Stockholm began 
drawing up statements of changes of cosmic theory that must take 
place now that a new factor in the frame work has been demonstrated. 
A few of the consequences of the acceptance of the light pressure 
theor)' as seen by this Swedish scientist may be set forth. 

"The sunlight perpetually beating upon this planet exerts, according 
to the measurements of Arrhenius, a pressure of about 75,000 tons. 
That is a merely negligible force as compared with the pull of gravita- 
tion, many times as great. 

" Out in the solar system, however ; where there exists no one knows 
how tenuous a condition of the material filling in, the propulsive force 
exerted by the light upon any little particle of matter that is flying 
about may be quite as potent as the power of gravitation that tends to 
draw all things together. Light pressure, in other words, appears to be 
a foil to the universal get together tendency. 
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*' Just why this force is relatively more important when acting upon 
minute than upon large masses will be evident on a moment's consider- 
ation. Gravitation acts upon masses as a whole. Light pressure is ex- 
erted only on surfaces. 

"And now comes the Arrhenius theory to interpret in terms of the 
light pressure discovery a list of perplexing problems, such as the 
aurora borealis, the zodiacal light, the turning of the comet's tail away 
from the sun, the drainage of the silicious matter composing Saturn's 
rings and the glow of distant nebulae. 

" Discussion of light pressure is inextricably bound up, of course with 
the doctrine of the sun's bombardment of space with corpuscles nega- 
tively charged. According to the theory these off-shoots from every 
luminous body in the universe colide in the intersolar spaces and there 
form the matter that, hurried now hither now hence, under impact of 
the forces of gravitation and light pressure may make up the lonely 
wandering meteors or the myriad swarms that constitute the comets. 

" There exists, in other words, in Arrhenius' thought a complete circu- 
lation of matter in the universe. The meteoric dust falling today 
through our atmosphere is a compound projected not from our sun 
alone but from many other suns many light years ago. A portion at 
least of the soil beneath our feet has come recently, as cosmic processes 
are measured, from outside our own solar system. 

" In terms of these universal showers of negatively electrified particles 
the glow of the cold masses of gas known as nebulae is explicable. 
Matter in embryo shot at high speed into the nebulae flares up pre- 
cisely as the meteors catch fire on encountering our atmosphere. After 
centuries, millenniums, the glimmer reaches this earth. The hypothe- 
sis explains the brighter glow of the outer parts of these gaseous masses, 
the interiors, untouched by the rain particles, lying in coldness. 

"That such of the accretions from electrified corpuscles as are gathered 
in cometary form are perpetually subject to the conflicting forces of 
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gravitation and light pressure, is visibly demonstrated whenever a comet 
approaches the sun with its tail, full of hydrocarbons, turned outward. 
This phenomenon, which has long perplexed the wise, is just what 
would appear if, as the wanderer approaches the sun, the coarser grains 
of solid matter are large enough to resist the light pressure while the 
smaller particles are knocked galley-west by the sunlight sometimes 
forming several distinct tails. 

"The theory offers an easy explanation of the corona of the sun itself, 
the beautiful floating clouds seen at the time of an eclipse, which in the 
absence of a celestial atmosphere have heretofore passed the wisdom 
of the astrophysicist to interpret. How can material clouds float in 
no medium but impalpable and unbuoyant ether? 

" Arrhenius maintains that the inflamed corpuscles thrown off from the 
fiery mass of the sun are of various sizes and that the distances to which 
they are projected depend entirely on their diameters. Those which 
are so large that the attraction of gravitation exceeds the propulsive 
power of light naturally drop back into the glowing chromosphere. A 
limited number have precisely the critical diameter. That is to say, 
their size is such that the two opposing forces neutralize each other and 
the particles, susi)ended at a considerable height, drift around the sun 
in the form of the clouds that are visible to the human eye on a few 
occasions in each century. The total weight of the corona is not con- 
siderable ; it has been estimated at about 1 2,000,000 long tons, which 
hardly exceeds the amount of coal burned on the earth in a week. 

"Those particles that have less than the critical diameter are of course 
sent scudding to the utmost bounds of the solar system and beyond. 

"Unless, that is, they happen to hit one of the planets in transit. 
Some of them reaching the atmosphere of this earth produce the 
phenomenon of the aurora borealis — a celestial analogue of the stream 
of light produced in a Crookes tube when electricity is flashed through 
it, and easily influenced, as every class in physics has noted, by the 
presence of a magnet." 
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PREFACE TO THIRD EDITION 

OF VOLUME I. 



VOLUME II. of "Ellen or Whisperings of An Old Pine," has 
cleared the way for the acceptance of the corpuscular 
theory of sound, and of necessity the reestablishmcnt of the 
corpuscular theory of light, as expounded by Newton. The 
wonder is that Newton's discoveries in regard to light, shouldn't 
have corrected the erroneous thcorv of sound, that for thous- 
ands of years, in some bf its phases, has been allowed to con- 
tinue, unsupported by a single gleam of common sense, without 
which all pretended expositions of science are worse than 
worthless. 
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When " Ellen" was undertaken it was hoped that, following 
the Platonic system of dialogue, which is especially fitted for 
the discovery of truth, it would be possible to solve all the 
different and more difficult questions that connect with the 
nature of existence, either material or spiritual. 

It is first shown in ** Ellen," that the only law of material 
creation is the combination of matter in its different con- 
ditions and proportions. This law is sufficient for the con- 
struction of every material thing in the universe, including all 
the infinite changes constantly and continuously taking place. 
A million laws couldn't do any more than this can. Nor 
could a million minor laws convey more clearly to the mind 
the universal character of material existence, whatever be the 
essence of matter, or however it is created. This law is of 
course conclusive of the nature of Sound. 

Mathematics are comparatively easy, readily yielding to 
common sense methods, so that the consideration of these be- 
came soon a pastime; the unnecessary mistakes which had 
been allowed to creep into and befog them were readily got rid 
of and the perverted uses, which they were being constantly 
called upon to perform, pointed out. 

There remained the enigma of life with all its hopes for the 
future, universal among mankind, and yet obscured with many 
a doubt. Good sense tells us that these hopes or beliefs would 
not exist if they were not true. But all would like to know 
how they are accomplished. This we believe is explained 
in "Ellen." Briefly stated it is that God not only made 
matter, so that, with the laws controlling it, it will accomplish 
the creation of every material thing, and that with the greatest 
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ease and perfection ; but also created, or supplied, another sub- 
stance, mind, entirely distinct from matter, to be used in con- 
nection with it, and equally essential to the creation. 

It holds to reason that the Power which made one of these 
could make both. With the two substances, each very remark- 
able, although the last by far the most so, an infinite universe of 
infinite variety and infinite beauty is possible. Without both 
no such universe could exist. 

The mistaken idea that matter only is necessary for the con- 
struction of the universe, is mainly if not entirely responsible 
for the large amount of ignorance which prevails in regard to 
our present existence, and still more in regard to continued 
existence. Supposing mind and matter are both distinct sub- 
stances, especially provided, for such purpose, the question at 
once becomes simple. 

For it is readily seen from known facts how such an exist- 
ence can be, and apparently is continued. And these facts 
include or suggest every requisite necessary to an existence 
capable of continued improvement, until it may reach that 
state, which Paul refers to as spiritual. 

That is, the body, every body, being only a machine for the 
use of the soul, any soul, the destruction of it, in the nature of 
things, does not and cannot affect the essential existence 
of the soul. It takes from it certain possessions which through 
the aid of the body it has accumulated. But the loss of posses- 
sions is something which every soul constantly experiences, 
and, in this case, it is a loss of those which can be of no 
further use. Machinery adapted to the change of existence, 
with which to accumulate new possessions, is undoubtedly 



again supplied, and thus the soul continues its existence and 
may indefinitely continue it, or it may at any time, so far as 
we know, rise to a higher existence, which changes not.* 

These conditions are so vividly portrayed by St. Paul in 
I. Corinthians. Chap. 15, that we quote several verses; 

" .\wake to righteousness, and sin not ; for some have not the knowl- 
edge of God : 1 speak //lis to your shame. 

" But some man will say, How are ihe dead raised up? and with what 
body do they come? 

" Thou fool, that which thou sowest is not quickened, except it die : 

" And that which thou sowest, thou sowest not that body that shall be, 
but bare grain, it may chance of wheat, or of some olhci grain : 

" But God giveth it a body as it hath pleased him, and to every seed 
i/s own body. 

"All flesh ;V not the same flesh: but /Aere is one kind 0/ flesh <A men, 
another flesh of beasts, another of fishes, and another of birds. 

" There are also celestial bodies, and bodies terrestrial ; but the glory 
of the celestial is one, and the glory of the terrestrial is another. 

" There is one glory of the sun, and another glory of the moon, and 
another glory of the stars : for one star differeth from another star in 
glory. 

" So also is the resurrection of the dead. It is sown in corruption, it 
is raised in incorruption : 

" It is sown in dishonour, it is raised in glory : ii is sown in weak- 
ness, it is raised in power : 

"It is sown a natural body, it is raised a spiritual body. There is a 
natural body, and there is a spiritual body." 

je noticed that in these verses the word "body" 
lily, pagei 179-1S4-, a1»u Nature ul the buul, 375-3S6. 



PREFACE TO THIRD EDITION XI 

occurs ten times, and it is very evident that St. Paul per- 
ceived, or believed, that a body, some kind of a body, — which 
would mean one adapted to the sphere in which the soul dwelt, 
it might be terrestrial, celestial or spiritual, — was a necessary 
adjunct to a soul in many if not all conditions of its existence. 
The necessities of a diver in the water, for additional ma- 
chinery to supply air and for other purposes, illustrates the 
necessity of the soul having a body adapted to the elements 
in which it may exist. 



We have had occasion several times in "Ellen" to criticise 
a too great dependence upon the system oi experimental, or 
Baconian, philosophy. Experiments are excellent to furnish 
data for the reasoning powers ; but intelligence alone perceives 
anything, nor is it possible with the physical eye to get any 
knowledge of the essence of things. With the mind's eye only 
can we hope to do this. And therefore the theories of science, 
so far as based upon scientific experiment, are to a very large 
extent, and always will be, entirely erroneous. 

But whilst experimental science is thus limited in its re- 
searches, the facts it obtains are the material from which this 
edifice of knowledge must be built. And as in all construction 
of material things it is the workmen, — the day laborers, — who 
gather the material, but the architect who designs the building, 
so it is here. Science provides the material, but Philosophy 
must build the structure. 

Plato had occasion to enforce this principle of the superiority 
of mental over physical vision [see page 147 of this volume]. 
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In a more homely manner Mr. Huxley refers to the same sub- 
ject, as follows : 

** No delusion is greater than the notion that method and industry 
can make up for lack of mother wit, either in science or in practical 
life; and it is strange that, with his knowledge of mankind, Bacon 
should have dreamed that he, or any other, ' via invendiendi scientias' 
would level men's wits and leave little scope for that inborn capacity 
which is called genius." 

The eniinent French scientist, Ferdinand Papillon, says : * 

'' Descartes, Leibnitz, and all the great minds of the seventeenth cen- 
tury, believed that phenomena are such interdependent parts of one 
whole, that they require to be explained by each other, and conse- 
quently, that a very close mutual connection should be maintained 
among the sciences. In their view, this was the condition of rapid 
advance and intelligent development. The experimental method, con- 
stant to systematic obstinacy in erecting so many barriers between the 
different sections of natural philosophy, has greatly hindered the com- 
pleteness of whatever knowledge we possess as the result of mutual 
interaction among all truths. At this day, such barriers are tending to 
vanish of their own accord, and the science of man in his relations with 
external media begins to show the outlines of its plan and harmony." 

And more recently Mr. Balfour, President of the British 
Association of Scientists, closes his address at their annual 
meeting with the following eloquent period : 

" Considerations like these, unless I have compressed them beyond 
the limits of intelligibility, do undoubtedly suggest a certain inevitable 
incoherence in any general scheme of thought which is built out of 

• Sec « Ellen," Vol. II., Part II., page 14. 
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materials provided by natural science alone. Extend the boundaries of 
knowledge as you may ; draw how you will the picture of the universe ; 
reduce its infinite variety to the modes of a single space-filling ether ; 
retrace its history to the birth of existing atoms ; show how under the 
pressure of gravitation they become concentrated into nebulae, into 
suns, and all the host of heaven ; how, at least in one small planet, they 
combined to form organic compounds ; how organic compounds became 
living things ; how living things, developing along many different lines, 
gave birth at last to one superior race ; how from this race arose, after 
many ages, a learned handful, who looked round on the world which 
thus blindly brought them into being, and judged it, and knew it for 
what it was : perform, I say, all this, and though you may indeed have 
attained to science, in nowise will you have attained to a self-sufficing 
system of beliefs. One thing will at least remain, of which this long- 
drawn sequence of causes and effects gives no satisfying explanation ; 
and that is knowledge itself. Natural science must ever regard knowl- 
edge as the product of irrational conditions, for in the last resort it 
knows no others. It must always regard knowledge as rational, or else 
science itself disappears. In addition, therefore, to the difficulty of 
extracting from experience beliefs which experience contradicts, we 
are confronted with the difficulty of harmonizing the pedigree of our 
beliefs with their title to authority. The more successful we are in 
explaining their origin, the more doubt we cast on their validity. The 
more imposing seems the scheme of what we know, the more difficult 
it is to discover by what ultimate criteria we claim to know it. 

** Here, however, we touch the frontier beyond which physical science 
possesses no jurisdiction. If the obscure and difficult region which 
lies beyond is to be surveyed and made accessible, philosophy, not 
science, must undertake the task. It is no business of this Society. 
We meet here to promote the cause of knowledge in one of its great 
divisions ; we shall not help it by confusing the limits which usefully 
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separate one division from another. It may perhaps be thought that I 
have disregarded my own precept — that I have wilfully overstepped 
the ample bounds within which the searchers into Nature carry on 
their labours. If it be so, I can only beg your forgiveness. My first 
desire has been to rouse in those who, like myself, are no specialists in 
physics, the same absorbing interest which I feel in what is surely the 
most far-reaching speculation about the physical universe which has 
ever claimed experimental support; and if in so doing I have been 
tempted to hint my own personal opinion that as natural science grows 
it leans more, not less, upon an idealistic interpretation of the universe, 
even those who least agree may perhaps be prepared to pardon." 

It is very evident that this President of one of the most 
prominent associations of scientists in the world is perfectly 
conscious that science, in its own workings, is utterly incapable 
of perceiving the ultimate cause of things, without which there 
can be no satisfactory knowledge. The best it can do, as 
before suggested, is to obtain certain sense perceptions, which 
can extend only to the things experimented with, but not at 
all to their hidden causes. These can only be reached by the 
reasoning powers, which are the tools of philosophy, and there- 
fore, as Mr. Balfour says, '* Philosophy, and not science, must 
undertake the task." 

We have seen nothing that throws so much light upon the 
incredible amount of nonsense that is being, or has been taught 
by the ignorance of science as this letter of Mr. Balfour. The 
extreme folly of the rational coming from the irrational is very 
evident to every intelligent reader. Mr. Balfour, of course, per- 
ceives it, and therefore adds the next most remarkable sentences 
though still striving to pose as a scientist. And then in the 
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closing paragraphs . he interprets what before he had but sug- 
gested, and without further words lets science down into her 
natural place, and boldly proclaims the superiority of philoso- 
phy. 

But Philosophy, so far as it is of any value, is a power of 

right perception. By definition the philosopher is a lover of 

wisdom and therefore a believer in Truth and a follower of 

Right. 

In connection with Mr. Balfour, who most eloquently has 

expounded a true philosophy, we will let speak the most 

renowned of all philosophers, whose fearless love of Right and 

Truth earned for him the title of divine. In the Phaedo, 

Plato says: 

"Then I heard some one who had a book of Anaxagoras, as he said, 
out of which he read that mind was the disposer and cause of all, and I 
was quite delighted at the notion of this, which appeared admirable, 
and I said to myself : If mind is the disposer, mind will dispose all for 
the best ; and I argued that if any one desired to find out the cause of 
generation or destruction of existence of anything, he must find out 
what state of being or suffering or doing was best for that thing, and 
therefore a man had only to consider the best for himself and others, and 
then he would also know the worse, for that the same science comprised 
both« And I rejoiced to think that I had found in Anaxagoras a teacher 
of the causes of existence such as I desired, and I imagined that he 
would tell me first whether the earth is flat or round : and then he would 
further explain the cause and necessity of this, and would teach me the 
nature of the best and show that this was best ; and if he said that the 
earth was in the centre, he would explain that this position was the 
best and I should be satisfied if this was shown to me, and not want 
any other sort of cause. And I thought that I would then go on and 
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ask him about the sun and the moon and stars, and that he would 
explain to me their comparative swiftness, and their retumings and 
various states, and how their several affections, active and passive, were 
all for the best. For I could not but imagine that when he spoke of 
mind and explained to me in detail the cause of each and the cause of 
all, he would go on to explain to me what was best for each and what 
was best for all. I had hopes which I would not have sold for much, 
and I seized the books and read them as fast as I could in my eager- 
ness to know the better and the worse. 

" What hopes I had formed, and how grievously was I disappointed. 
As I proceeded, I found my philosopher altogether forsaking mind or 
any other pH-inciple of order, but having recourse to air, and ether, 
and water, and other eccentricities. ♦ ♦ * But to say that this is the 
way in which mind acts, and not from the choice of the best, is a very 
careless and idle mode of speaking. I wonder that they cannot distin- 
guish the cause from the condition, which the many, feeling about in 
the dark, are always mistaking and misnaming. And thus one man 
makes a vortex all round and steadies the earth by the heaven ; another 
gives the air as a support to the earth, which is a sort of broad trough. 
Any power which in disposing them as they are disposes them for the 
best never enters into their minds, nor do they imagine that there is 
any superhuman strength in that ; they rather expect to find another 
Atlas of the world who is stronger and more everlasting and more 
containing than the Good is, and are clearly of opinion that the 
obligatory and containing power of the Grood is as nothing ; and 
yet this is the principle which I would fain learn if any one would 
teach me." 
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IN presenting to the public Volume II. of "Ellen, or Whisper- 
^ ings of an Old Pine," the author would say that while there 
have been quite a number of favorable notices of Volume I., 
and suggestions that its reasoning is correct, no attempt has 
been made anywhere to answer its criticisms of modern science, 
although the Rutland Herald, one pf the largest and ablest of 
Vermont daily papers, says editorily that *' * Ellen' is a series of 
Platonic dialogues designed to make an all-around attack upon 
science as it is taught in the schools. Before its quick-firing 
batteries evolution, the undulatory theories of matter, certain 
propositions in algebra and geometry, the nature of the soul, 
and other philosophic and scientific tenets, long considered 
secure, are razed to the ground." And adds: "As two more 
volumes are promised, we will not here record our impression 
of the Battellian theory of creation ; but we will say that in just 
this way the thoughts of man have been turned from the ruts 
of error into truth." 

And yet there was no intention, much less desire, in writing 
"Ellen," to attack anything or anybody. 

After finding that modern science, in certain things, certainly, 
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was badly in error, an earnest attempt was made, on common 
sense lines, to arrive at the truth of the difficult subjects con- 
sidered. 

It at once became evident that the Universality of Natural 
Law, upon which all science rests, was the key with which to 
unlock the secrets of nature. For whilst we can have only 
opinions, which, as Socrates said, "are bad, all," of how things 
are accomplished which are beyond out perceptions, we know 
how we do them, or how they are done by any order of mind 
whose methods come within our observation. 

But we find that all things made by man, — who has a large 
amount of constructive ability, — arc made from matter, to 
conform to a model in mind. That is, every material thing is 
a copy, the things it is copied from being a spiritual or mental 
production; and therefore the whole conception of evolution 
by material forces is a palpable humbug. 

Again, we find that man in creating things works by special 
creation. That is, if he wants a piano he does not make a 
violin, or any other material thing, which will evolute into a 
piano, but directly, through the operations of mind, he makes 
a piano ; and this method is universal with him, and with any 
other order of mind with which we have acquaintance. And 
thus again material evolution is proven to be a humbug. 

The evolution takes place, in the line of improvement and 
variety, but it is accomplished by mind not matter. Thus an 
ordinary railroad car evolutes, in the mind, to a palace car, and 
afterwards by the direction of mind the material for this palace 
car is gathered and the car built; but the ordinary railroad car 
from which it was designed is still running, not a single particle 
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of its material entering into the improved car. Similarly in 
nature are made the different varieties and species of things. 

*' Ellen" also demonstrates that the body is a machine ; not 
only the material part of the body which we see, and which 
remains a limited time after death ; but as well that which we 
call the life of the body, the respiration, circulation of the 
blood, digestion and assimilation. 

Then must the intelligence that runs it be entirely indepen- 
dent of it. Of this there can be no question. For the laws of 
nature are universal ; and when the intelligence which operates 
any material thing is found in one case to be entirely distinct 
from that thing, we know that it is so in all cases, whether or 
not our physical vision is able to detect it. But that they are 
thus separate we know to be true in regard to an engine, and 
all machinery made by man, and therefore is it true throughout 
the universe. 

The entirely material character of the body may be seen in 
the nature of its forces, and the various devices used in the dif- 
ferent parts of the machinery', such as joints, valves, hinges, etc., 
which are precisely similar to those used for similar purposes 
by man; also, in the fact that we can see the operations which 
take place, as completely as we can those of a clock or factory. 
In either case intelligence must be at hand to guide the running, 
but in either case a certain part is entirely mechanical. It is 
further demonstrated by the fact that it is impossible for the 
will directly to stop the beating of the heart, or permanently 
the act of breathing. 

For a body, as for an engine, supplies of fuel are needed. 
But all the designs of intelligence are for the use of intelli- 
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gence. There is no other cause or occasion. And, too, every 
design of intelligence must be looked after and operated by 
intelligence. 

And therefore it is just as necessary that this machine of the 
body should have an engineer, — that is, intelligence to look 
after and manage it, — as that an engine should. In this case 
there is no difference in the order of intelligence which oper- 
ates, only in one case it is called an engineer and in the other 
a soul. They are one and the same thing. That is, the soul 
clothed with the apparel of the body, which is necessary to its 
action in material conditions, becomes the engineer. 

This same soul has to supply both the machinery of the body 
with fuel, and the engine that it runs. It is dependent upon 
the engine for its ability to travel quickly or to draw freight ; 
and it is dependent upon the body to live among and operate 
material things. The two conditions are similar, and the one 
not in any way more remarkable than the other. Both take 
place in accordance with the laws governing the construction 
of the universe. Nor is it possible to conceive how a universe, 
or any part of it, could exist without design, or laws to govern 
it, nor how any better could be made than those which operate. 
But they are all of a practical character and of universal ap- 
plication. 

It follows that a soul must enter a body in connection with, 
or soon after its organization, and this in as distinct a manner 
as an engineer enters an engine. 

Bodies are produced through the processes of generation, 
and are made for the use of the soul whilst living or in material 
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conditions as much so as an engine or any vehicle is for the use 
of man. 

The soul dwells in a body, and uses the facilities of the body 
for its convenience. And so, too, in connection with the body, 
it enters a house, a boat, a car, a carriage, a balloon, or indeed 
any material thing, which it is able to use for its convenience 
or pleasure. 

It would appear that it uses bodies in material conditions as, 
in connection with the body, it uses boats to travel upon the 
water, and in each case for the same reason, because it cannot 
live in material conditions, or travel upon the water to advan- 
tage, or for any long time, without such aid. 

These contrivances of the body are, then, but some of the 
innumerable material things which souls use in the various phases 
of their existence. For souls are as numerous throughout the 
universe as trees in a forest, and as active as fishes in a sea. 
They unquestionably constitute a very important part of the 
universe, acting under the authority of a Supreme Ruler, and in 
accordance with laws made by Him. Like all things, they are 
individual, and the nature of their existence is occupation or 
action. That is what existence means. 

The innate power of the soul is also demonstrated in "Ellen," 
which shows that Locke's contention that there is no such thing 
as innate ideas, if interpreted to mean that there is no such 
thing as a soul, was not correct, as it would be as utterly 
impossible for concepts to arrange themselves into thought, 
as for numbers or letters upon a blackboard to do so, or for 
a bottle of ink to write a novel. There must be something 
back of the concepts to do this. This something is the soul. 
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And though it would appear to have no ideas of material things, 
until they are brought within its comprehension, its power to 
learn is innate ; and also its power to construct and use. Then 
must its knowledge be innate, for it is impossible to conceive 
how a soul can construct or use anything without knowledge. 
But innate knowledge means knowledge that has existed per- 
haps from eternity, and perhaps that will exist to eternity. 
That is the soul is an immortal substance, having the power of 
thought and feeling. 

All of the conditions which lead up to this demonstration are 
carefully explained in the first volume of ** Ellen." The present 
volume is almost entirely occupied in the discussion of the last 
eight books of Geometry, — that of the first book appearing in 
Volume I., — Plane Trigonometry, and the Undulatory Theories, 
especially that of Sound. This last was considered, in part, in 
Volume I, of the first edition of ** Ellen,*' but has been carefully 
revised, and the action of sound in the telephone and grapho- 
phone, a very important feature, added. It is ver>'' evident that 
all the explanations of modern text-books, as based upon the 
undulatory theories, are incorrect. That such a theory ever 
took root is most extraordinary, as there isn't a single one of 
its essential features that comes within the scope of possibility. 

The statement upon which it starts, that sound is made by 
vibrations hitting particles of air, or other particles, so as to 
produce so-called sonorous waves, is without any possible basis, 
as can be proven by five minutes* experiment with a tuning fork. 
Sound exists first in the fork, or any vibrating body, before it 
enters the air. It is produced by shock — a blow — and, as is 
proven in this volume of ** Ellen," consists of infinitesimal par- 
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tides of electrical matter, which, like the light-footed Aurora 
that in a moment may span the whole arch of heaven, returning 
in another to its northern palaces, have the power of move- 
ment ; and although with sound this movement is not especially 
rapid it is adapted like all of nature's works, to the purposes for 
which it is made, and rapid enough, and far extending enough, 
to accomplish these both thoroughly and agreeabh-. 

Because of its infinitesimal character sound is able to pervade 
every part of the atmosphere, and thus to enter all ears ; and 
also because of this, different sounds can pass each other, con- 
tinually and without serious difficulty, as people can, or flies. 
There is no other way for things to pass, no other possible 
way. Motions under certain conditions will go from one body 
to another, when these bodies touch, and, being forces, carry 
the bodies in which they remain. Sounds pass each other 
because there's room for them to. The example of a sup- 
posedly different method, — that of water waves, — is a delusion, 
^s is fully explained in this volume, and as should have been 
perfectly known and explained by all text-books or teachers 
of sound. The waves do what the boat does that rides upon 
^hem, go up and then back, whilst with each excursion a new 
crircle of waves is made through the joint action of momentum 
snd gravity. 

The statement that the slow movement of a tuning fork — not 
over about seven feet a second^-or any other similarly vibrating 
l>ody, causes particles of air, or anything else, by hitting them 
"^o move 1040 feet, more or less, a second, — upon which the 
'Undulatory theory of sound rests, — is a monstrous lie, as any 
rson with any knowledge of the laws of mechanics knows. 
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The sound, after being formed in the vibrating body by the 
shock, is easily and certainly traced in its onward mission. 
Vibration moulds it, and throws it into the air whence it is 
most easily distributed in all directions, although it can be car- 
ried in greater quantities and far more quickly by a rod of wood 
or metal, letting the lower part of the fork touch one end of 
the rod, the other end being held in the teeth or placed against 
the bones of the chest or head. 

Indeed, it was the perception of the inconsistency and absurd- 
ity of these undulatory theories more than any other one thing, 
which first influenced us to criticise modern science. It was 
too plain a case to be ignored. The absurd statements in the 
text-books in regard to the nature of matter and motion were 
equally prominent, and soon it was evident that the scientists 
had made a bad mess of it generally, one error leading of neces- 
sity to others, until the whole structure of modern science is 
perforated with them. 

Part II. of this volume, which treats of the undulatory theories, 
was written in part before the discovery of radium, by which now, 
as also by X and Cathode rays, Newton's corpuscular theory of 
light is demonstrated experimentally to be correct, and all undu- 
latory theories erroneous. 

For any suggestion that nature has two methods of produc- 
ing light cannot for a moment be entertained ; nor could it 
possibly be suggested by any one who, as Newton expresses it, 
has in philosophical matters a competent faculty of thinking. 

In the appendix of this volume and Preface of Volume I., 
second and third editions, will be found references to several 
articles from very prominent physicists, admitting a change of 
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opinion in regard to these theories ; and indeed we know of no 
eminent physicist, and doubt whether there is any, eminent or 
not emment, certainly no intelligent one, who would now under- 
take openly to sustain them. 

And yet the anomalous condition exists, so far as we know 
both in this country and Europe, that they are still taught in 
ever>^ college and scientific school. Whether in teaching them 
the scholars are told additionally that they are utterly erroneous 
we do not know, but doubtless most of them have found out 
that they are so. 

The new lines of demonstration chosen in geometry, which 
appear for the first time in this volume, practically revolutionize 
the science, making it much simpler and plainer. 

The object of a book like " Ellen ** is the finding of Truth, 
the nature of this endeavor being double, to correct what is 
erroneous, and to discover new truth. Certainly in the first the 
book has been very successful. Starting out single handed 
and looking upon the subject simply from a common sense stand- 
point, it demonstrated the absurdity and impossibility of a 
large part of the physics as taught in all text-books. It also 
demonstrated the impossibility and absurdity of the Darwinian 
theory, or any theory^ of material evolution. It also detected 
many errors in other branches of philosophy and science 
and exposed some very blundering and entirely erroneous 
statements in mathematics, all of which errors have been hitherto 
accepted in all modern text-books, and some for hundreds of 
years. No answer has been made to any of these criticisms, 
as indeed none is possible, but the more distinguished scientists 
of the world have already accepted the more important posi- 
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tions taken in *' Ellen," which took the lead, and whose ideas 
were widely advertised in the newspapers and in the circulation 
of the books when the first edition was published, in 1901. 
And this means that a large part of the science of the world, as 
taught in the text-books and sustained in encyclopaedias, is 
being slowly but surely revolutionized. 

In this department alone the necessity of such a book as 
*' Ellen" has been fully vindicated. In the second field, that 
of independent discovery, ** Ellen" has been, perhaps, equally 
successful, and the numerous discoveries made in the nature 
of existence, and the order of the universe, promise to lead to 
others even more important. 

It is not true that such a book is or can be dr}" or uninterest- 
ing. Many of the truths which it seeks are the most import- 
ant and intensely interesting of all ; for they have to do not 
only with the affairs of this life, but with its destiny, the life 
which we believe to be succeeding this, as surely as day 
succeeds the night, or night, day. 

For some years a wave of materialism has swept over the 
world, permeating all society with its baneful influence. And 
this, although nothing can be more certain than that the soul 
is a substance, entirely distinct from the body, and must con- 
tinue to exist with all its original powers, when, the life of the 
body being spent, it is no longer habitable for a soul. 

And from the opposite, death, is the beginning of a new life 
— the dawn of another day. For the day comes from the night 
and the night from the day. They follow each other in succes- 
sion, nor is it possible that they would do other\vise, the great 
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system of order, in wjiich or by which the universe is con- 
structed, forbidding it. 

And so life comes from death and death from life ; accord- 
ing to the great law of opposites, universal in nature. 

And that which follows is controlled by another of nature's 
universal laws, that of cause and effect. As Paul expressed it 
"Be not deceived, God is not mocked. For whatsoever a man 
soweth, that shall he also reap." 

All of this is plain common sense ; the fundamental truths 
of existence ; the fundamental truths of religion ; the funda- 
mental truths of the Bible. 

The next thing that the mind seeks is under what laws does 

existence continue. Is the spiritual always connected with the 

mnaterial — mind with matter, or any other substance, acting as 

sbody? The only suggestion from analogy is that the soul 

"^hen it leaves the body enters another body. Paul speaks of a 

spiritual body. Can the laws under which continued existence 

^akes place be discovered by the mind of man ? We believe 

^hat they may; that the spiritual part of man, the mind's eye, 

^11 fathom this mystery, so that the whole nature of that 

existence, of which we are a part, may becc#ne understood. 

But this will depend upon the highest possible motive^ — what 

is best. « 

There is indeed in ** Ellen" but one more step to be reached, 
the first one being the perception that the soul is distinct from 
the body, and continues its existence. Christ's remark, "Seek 
and ye shall find," always true, points the way. And we know 
not why these laws will not become manifest, as others have in 
"Ellen" that seemed equally hidden; as the law of memory, 
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the law of dreams, the nature of the connection of the soul 
with the body, the material character of truth, justice and all 
abstract qualities, the operation of light in vision, the nature of 
sound, the nature of matter, the nature of motion, and other 
most important truths, discovered first in "Ellen" or redis- 
covered, and presented so as to be accepted, the arguments 
sustaining them being too strong to be overthrown. 

This book is dedicated to the American people because the 
great body of the people is the ultimate authoritj' for the 
decision of all questions which are world-wide in their scope. 

Their attention may not ordinarily be called to questions 
looked upon as purely scientific, but when it is they are not 
hampered by "knowing so many things that are not so," as 
Artemus Ward said of the scientists, but will judge all questions 
upon their merits, and do it correctly. 

JOSEPH BATTELL. 

Bread Loaf Inn, Rirrox, at. 
Octuber I, 1907. 
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James M. Ingalls, Lieutenant-Colonel, United States Army, 
one of the most eminent mathematicians in the world, and 
recognized as the highest authority on balistics, or the science 
of projectiles, writes : 

My Dear Mr. Battell: 

I thank you very much for the copy of your great work " Ellen or 
Whisperings of an Old Pine," which I received a few days ago. Of 
course I have not had time to read the 800 closely printed pages, but 
I have looked it over very carefully, and I think I can say positively 
that it is the best argument against the present accepted theory of sound 
that has ever been presented to the public. 

Sincerely yours, 

James M. Ingalls. 

Prof. George F. Barker, of the University of Pennsylvania, 
one of the most eminent physicists of America, to whom we 
sent a copy of ** Ellen," writes: 

Joseph Battell Esq., 

My Dear Sir : — I beg to express to you my thanks for the first vol- 
ume of the second edition of your remarkable book, " Ellen ". Obviously 
there has been much thought spent upon the reasoning contained in 
it and the criticisms it contains must, I think, tend to modify some of 
the views which are today held on these subjects. I shall be glad to 
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see the second volume, since it proposes to discuss the theories of undu- 
lation which are more directly in my own line of study. 
With kind regards believe me, 

Very truly yours, 

George F. Barker. 

A number of other criticisms and notices have been received 
very favorable to "Ellen", noteworthy among them the fact 
that the Chicago Inter-Ocean, one of the leading journals of the 
West, gave a full page in its Sunday edition of May 12, 1 904, 
to the book, prefacing with the remark that it was a curious 
and interesting book, and after the introduction of "Ellen" 
leads in many directions. 

Of the second edition, but a few copies were sent to the press. 
In addition to the criticisms already quoted is the following 
review by Reed Moyer, editor, New Haven, Conn., which ap- 
peared in a syndicate of papers, including the Mobile, Ala., 
Times : 

" A book that presents some rather interesting problems is entitled 
'Ellen, or Whisperings of an Old Pine,' by Joseph Battell. The 
book is really a scientific discussion, but it takes the form of fiction, in 
which the chief characters are Ellen and an old Vermont Pine. A 
second edition has just been issued, and in the Preface to this edition, 
the author mentions with pride the fact that its revolutionary scientific 
theories have been accepted by leading scientists. Such questions as 
the nature of matter, and the phenomena of sound, light, heat and 
electricity are considered in a searching manner. In particular the 
book demonstrates the absurdity of the undulatory theories taught in 
every text book of physics. A great many mathematical statements, 
that are universally accepted, are exposed in such a way that the candid 
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reader must confess that the author is correct. The book is not above 
the knowledge of the student of plane geometry and elementary physics. 
The questions discussed concern the basic principles of mathematics 
and science and cannot fail to be of interest to every educated person. 
The book is finely printed and bound and is published by the American 
Publishing Company, Middlebur>', Vermont.*' 

Mr. H. L. Hindley, editor of the Ludlow (Vt.) Tribune, and 
one of the abler reviewers of Vermont, after saying that the 
book is ** iconoclasm, idol-breaking," continues: 

" It won't do to dismiss Ellen and her conversations with an impa- 
tient shrug for the very simple and sufficient reason that there's abun- 
dant food for thought in them. There's a whole lot of rot about modern 
soience, and the Colonel has certainly attacked it where its armor is 
3. little thin — to say nothing about the sheathing underneath. It is 
irxipossible to even outline the arguments of the book — read it your- 
self if you have time." 

Hon. H. H. Powers formerly a judge of the Supreme Court 
1 Vermont, writes : 

" Your work, ' Ellen,' is too profound for hasty judgment, but I have 
:3camined it far enough to discover that you have bestowed most care- 

1 thought upon your reasoning, and I think have evolved theories that 
"^and on a logical basis, and are worthy the attention of our best 

holars." 

Hon. C. S. Emery, one of Vermont's most prominent citizens, 
member of the State Senate, writes : 



Chelsea, Vt., May 14, 1904. 
ON. Joseph Battell, 

My Dear Sir: — I am in receipt of the beautiful volume, "Ellen," 
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from your pen, and shall always prize it on that account and must 

thank you for your thoughtfulness. 

The amount of labor bestowed upon this work, the thought and study 

required in mastering the subjects treated, would seem to me to be 

enough for a lifetime. 

Very sincerely yours, 

C. S. Emery. 

Of the first edition Mr. Bryan in The Commoner says: ** A 
very interesting book." 

The Louisville Journal, edited by Henry M. Watterson, says : 
**A book with much ingenious construction of the most vital 
truths." 

" Your argument against evolution is logical, and I believe 
unanswerable." — Judge Rac of Chicago, 

Thomas H. McLeod, A. M., Middlebur}', Vt, formerly a con- 
tributer of the Silliman Scientific Journal, published at New 
Haven, Conn., writes: 

" We have received from the American Publishing Company, Middle- 
bury, Vt., a copy of Volume I., second edition, of ' Ellen or WTiisper- 
ings of an Old Pine.* 

"The book is well printed, handsomely bound, and illustrated with 
many views, presenting both individual subjects and a panorama of large 
extent and great historic interest, as seen from one of the highest sum- 
mits of the Green Mountain range in Vermont. 

**The work itself, in its entirety, relates to man and his surroundings 
in the several aspects of his existence, and to the phenomena in the 
physical world. In treating of these subjects no work in its conception 
so radical and original has come to the knowledge of the public for 
many years, nor one that will engage the attention of the thoughtful 
for so long a period of time. If the attainment of the true reason of 
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things is philosophy, to that extent the work before us may justly be 
termed the Battellian Philosophy, being an independent consideration 
of the true knowledge of things by direct investigation, which, while it 
is carried on Platonically in free conversations or dialogues, is pursued 
with a Socratic simplicity and certainty that would do credit to the 
great Athenian — the Master mind of the ages. 

" It is also a credit to the work that some of the deductions of the 
Author in respect to the transmission of light, heat, etc., which were 
antagonistic to the doctrines taught in the schools, have been by en- 
tirely independent investigation and discovery fully verified by eminent 
scientists both in Europe and America; which suggests that in the 
future the other tenets of the Author's philosophy will be equally 
verified. 

" A strong moral tone pervades the whole discussion. 

"The work also contains an independent investigation of the fixed 
sciences, commencing with the doctrine of numbers, and embracing 
the higher mathematics. The purpose of the author in this depart- 
ment of his research manifestly is to criticise and simplify methods that 
have come down to us unimproved through the dark ages. It certainly 
will repay teachers and mathematicians to examine this branch of the 
work, as much light is thrown upon many obscure parts of the subjects 
as hitherto taught, and these sciences relieved of many unnecessary 
perplexities and incongruities." 



"WHISPERINGS OF AN OLD 

PINE" 

A MASKED ARRAIGNMENT OF MODERN SCIENCE, 
WITH INSTRUCTIVE READINGS. 

From The Springfield (Mass.) Republican^ May 77, IQ08. 



C C T^ LLEN, or Whisperings of an Old Pine," is not a challenge to 
JL^ the usual critics of Nature-faking, despite its peculiar title. 
It is an elaborate indictment of modem science, and the author has 
chosen to embody his revolutionary doctrines in the unconventional 
form of a series of conversations between an old pine-tree and a young 
woman of remarkable acquirements. The old pine proves to be no 
crusted conservative, for he listens with approval and interposes only 
a few leading questions while Ellen tears to pieces the whole fabric of 
accepted physical theory. 

Of course the book is hopelessly astray in its fundamental concep- 
tions ; but it is so unlike most of the other works with which it must be 
classed that it seems a pity to relegate it to such companionship. It is 
by no means an ignorant production, nor is it without a certain value 
to the reader equipped with sufficient knowledge to escape beipg misled. 
The author sets forth in the fairest possible way the theories he pro- 
poses to demolish ; that is, he quotes literally and at length from stand- 
ard scientific writings. These extracts form a very interesting collec- 
tion, many being from sources difficult of access. There are interest- 
ing paragraphs from Papillon, Ivory, Waterston and others, as well as 
from such writers as Kelvin, Tyndall, and our good old stand-by, Ganot 



CRITICISMS AND REVIEWS XXXV 

Ellen's chief quarrel seems to be with the wave theory of sound and 
light ; but even of Euclidean geometry she admits but shriveled frag- 
ments to her philosophy. Synthetic geometry has often been criticised 
before on the ground that it wastes effort in proving the obvious ; and 
many proposals have been made to replace it by analytical or Cartesian 
methods in the school curriculum. But Ellen herself furnishes an un- 
conscious argument for holding fast to Euclid. She takes the proposi- 
tion : " In the same circle or equal circles equal angles at the center 
intercept equal arcs on the circumference; and conversely." Her 
demonstration is : " Because the divergence of an angle is uniform," 
and she takes great credit because she has used 1 1 words instead of the 
70 or more of the usual proof ! Of course she might just as well have 
reduced it to six and said. "Because of the nature of angles." Later, 
indeed, she does use the phrase " because of the nature of the circle " 
as an integral member of one of her demonstrations. In these cases 
the trouble is of course that a hinted explanation is mistaken for proof ; 
and it is just such blunders that an intelligent teaching of Euclid ought 
to prevent. 

Trigonometry and logarithms are not subjected to any vertiginous 
alterations, though clipped and shrunken greatly by Ellen's avowed dis- 
approval of analytic methods, which she characterizes as "manipula- 
tion of symbols." How many students will join in her dislike to such 
manipulation, which makes a large part of mathematical physics seem 
like " the way of a serpent upon a rock." 

Once at least in each generation some observant person looks about 
him and perceives that the earth is not spherical, but on the whole 
visibly and obviously flat. Shall he accept the mere theories of the 
scientists as against the testimony of his own eyes and against his com- 
mon sense ? On the contrary, he writes a book exposing the absurdity 
of the theorists* position — and generally secures a considerable follow- 
mg among "practical" people. This is quite comprehensible; but it is 
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not so easy to follow the Ohio astronomer who abandoned the spheri- 
cal earth for one of toroidal form — changed the orange into a doughnut. 

Now the sincere physicist cannot but find a parallel difficulty with 
Ellen's theories of sound and light. Indeed they are much harder to 
swallow than a mere doughnut. She not only returns to Newton's 
theory that light consists of infinitesimal particles of matter projected 
at high velocity by the source of illumination, but adopts a parallel ex- 
planation of sound. It is interesting to recall that the crucial experi- 
ment which established the wave-theory of light among physicists was 
the determination of light-velocity in air and in water, which flatly con- 
tradicted the law of refraction deduced from the emission theory by 
Newton himself. Perhaps even Ellen's skepticism regarding the exis- 
tence of sound waves in the air might give way before the beautiful 
photographs of such waves taken by Prof. Wood and others. 

Ellen's emission theories are no more likely to shake modem ph3rsics 
than her geometry to supplant Euclid's ; but her conversations make an 
interesting treatise and an extensive one— 977 pages octavo. The book 
is well printed and contains, in addition to scientific diagrams many 
half-tone pictures of Vermont scenery, — Ellen or Whisperings of an Old 
Pine. — By Joseph Battell. — ^American Publishing Company, Middle- 
bury, Vt. : Arthur F. Bird, London, — 1908. 



To the Editor of The Springfield Republican: — 

Permit me to answer the only two adverse criticisms in the quite 
handsomely written review of " Ellen, or Whisperings of an Old Pine," 
Volume II., which appeared in your journal of May 17. 

First, in mathematics, that a principle " because of the imiform di- 
vergence of the sides of an angle," is used in further demonstration 
which has not itself been fully demonstrated. 

The demonstration of this principle is complete in "Ellen," as 
follows : 
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** And what does Ellen mean by the uniform divergence of the sides 
of an angle?" 

" Because the sides of a plane angle are straight," she replied, " and 
have two directions, their divergence must be uniform for whatever 
distance they extend, and theoretically they extend to infinity. It 
follows that if their ends are connected at any point by a straight line 
the length of that line will be just double that connecting the sides at 
one-half the distance from the apex ; or four times as much as that 
connecting them at one-quarter that distance; and this ratio must 
hold at all distances. 

" This is a very important self-evident principle in mathematics, and 
may be used to great advantage in the demonstration of many proposi- 
tions."* 

This divergence is uniform in the nature of things, because the 
lines are straight. 

Thus let two straight lines, which are closed, be opened so as to form 
an angle, this angle will begin with the smallest possible and increase 
with constant additions of this smallest possible angle, through all in- 
termediate distances, to whatever size the varying angle may extend. 

The other criticism relates to the principle of sound, as follows : " Of 
course the book is hopelessly astray in its fundamental conceptions." 
This is at best an opinion. If the reviewer will prove that it is so astray 
we will give him cash, $500. 

Mr. Ganot, author of Ganot's Physics, and universally recognized as 
one of the ablest of modem physicists, takes a very different view of 
"fundamental conceptions." He says (Chapter I., page i, of his 
Physics) : 

" In our attempts to ascend from a phenomenon to its cause, we assume 
the existence of physical agents, or natural forces acting upon matter ; 
as examples of such we have gravitation, heat, light, magnetism and 

♦ Sec "Ellen," Vol. II., page 23. 
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electricity. Since these physical agents are disclosed to us only by their 
effects, their intimate nature is completely unknown. In the present 
state of science, we cannot say whether they are properties inherent in 
matter [corpuscular], or whether they result from movements im- 
pressed in the mass of subtile and imponderable forms of matter 
diffused through the universe [undulator\']." 

I notice suggestions by your reviewer of photographs of sound waves 
taken by Prof. VV^ood and others. We have seen several similar claims 
made, but in every case in examining we have found that the thing 
photographed was disturbance made by electricity. This is fully dis- 
cussed in "Ellen," Volume II., Part II., pages 337, 338. 

If your reviewer will refer us to any reliable account of the photo- 
graphs he mentions we shall be pleased to consider them. We presume 
it is another instance of disturbances of conditions caused by electricity 
being photographed, but such conditions, although they might cause 
sound, are not sound, any more than the effects of a freshet are sound. 
The lightning may be photographed, or the effect of it, but we doubt 
very much whether thunder which represents the sound produced by 
lightning, can be. Possibly ordinary sound, which as we trnderstand, 
consists of infinitesimal particles of matter circulating in the atmos- 
phere and other bodies, may yet, through improved methods of 
photography, be photographed; and this we have mentioned in the 
pages referred to in " Ellen," but we do not understand that this has 
yet been accomplished. Joseph Battell. 

^-MiddUbury^ VL^June 3^ igo8. 
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The morgan Horse and Begister, Tols. I. and II. 

By Joseph Battell. Eleven hundred and seven hundred pages respec- 
tively. Bound in three fourths leather and handsomely illustrated. 
Price of Vol I. {5.00, Vol. II. J3.35, or $8.00 for both Volumes, postage 
prepaid. 

The Morgan Horse and Register, Vol. HI., is well under way. 

It will consist largely of registered horses of both sexes. 



OPINIONS OF THE PRESS. 



VOL. I. of Batteirs Morgan Horse and Register has at last been issued. It is a 
volume of more than a thousand pages, and no more beautiful press work has ever 
been seen. The volume shows a vast amount of research aud personal investigation. 
It contains a great deal which has never before been published, and will probably 
lead to endless discussion. * * * The portraits of Denning Allen, the Fear- 
naughts, Lord Clinton and others are gems of art and beauty. 

But pictures do not make books, and Mr. Battell's Register is one of the most 
valuable of recent acquisitions to equine literature, one that should be in the library 
of every horseman and every student of the breeding problem. No one before has 
attempted a work of such magnitude, nor has endeavored to get at the evidence on 
which is based the many beliefs as to the ancestry of many famous ones, and while 
it may surprise some to find in the first volume the claim that Seely's American 
Star and old Pacing Pilot are direct descendants of Justin Morgan, it must be 
admitted the evidence given is quite as conclusive as that upon which is based the 
claim that their ancestry is in other lines. — [Qark's Horse Review. 

The Morgan Horse and Register is the latest and one of the most valuable 
contributions to horse literature that we have had the pleasure of examining. * * ♦ 

It has generally been conceded by those who have studied the subject carefully 
that the family of horses founded by Justin Morgan has never been equalled as road- 
sters and for general purposes where animals of heavy weight were not required. * * * 

The most surprising pedigree in the work is that of Seely's American Star. It 
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has long been claimed by those who have investigated the matter carefully that he 
could not have been by Stockholm's American Star, which appeared as his sire in the 
earlier volumes of Wallace's Trotting Register. Probably Mr. Battell spent more 
time and money carefully investigating this pedigree and collecting facts in regard to 
it, than any other in the work, and he has been amply rewarded. After giving the 
facts fully upon which he bases the pedigree, Mr. Battell gives the breeding of this 
renowned brood-mare sire as follows : 

AMERICAN STAR (SEELVS). 

Chestnut or sorrel, with star, hind feet white, 15^ hands, loqo pounds; foaled 
1837; bred by Henry H. Berry, Pompton Plains, N. J.; got by G)bum*8 American 
Star, son of Cock of the Rock, by Sherman Morgan : dam bay, stripe in face, about 
16 hands, a used-up stage mare purchased in New York city by Mr. Berry at a small 
price to work in team, breeding entirely unknown. 

The chapters on Justin Morgan and Seely's American Star are alone worth twice 
the cost of the book. There is also a very interesting chapter on Pilot, sire of Pilot 
Jr. Mr. Battell traced this horse through all the hands he passed until he located 
him in Montreal, and there is little doubt that he traced him from that point to his 
breeder. We are glad to learn from the author that the work is selling rapidly.— 
[American Horse Breeder. 

Lexington, Mass. 
Joseph Battell, Esq., 

My Dear Sir: — Your valued favor is received; also Vol. I. of the Morgan 
Horse and Register. As the book was received this morning, I have had little time 
to read it. It is very handsome and I was particularly pleased with the chapters on 
the Stars, Pilot, the pacers and the breeding of the original Morgan. I do not see 
but your claim is admirably sustained. 

Very truly yours, Edward S. Payson. 



No publication upon the horse of recent years has awakened so great a public 
interest as this volume bearing the authorship of Mr. Battell of Vermont — [Mirror 
and Farmer, Manchester, N. H. 



We have received from Mr. Joseph Battell of Middlebury, Vt., the first Volume 
of his new work. The Morgan Horse and Register. It is, mechanically, a very tine 
job: Bne paper, elegant binding and illustrations many of them half-tones from 
photographs, and on fine plate paper, all go to make it an ornament, in the book 
line, fit for the parlor table. It contains looo pages. Whatever adds to the sum 
of human knowledge in any special line b invaluable and to the specialist indis- 
pensable, and Mr. Battell's book should contain within its covers very much that is 
not only new but important. * ♦ * Probably no man living, in a whole lifetime, 
ever traveled the distance in pursuit of information, wrote the letters, or spent the 
hours in historical research that the author of thb work has done in the last ten 
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years, and the result is cmlxxiicd in this volume. ♦ * ♦ Truly "Truth lies at the 
bottom of the well, and Mr. Battell has gone deeper after it, stayed under longer, 
and come to the surface with more facts in his grasp than any other writer on the 
subject. It u a great work, and we have had no time as yet to master its contents, 
but as tune occurs shall refer to it again and again. * * * [J* ^* Thompson, 
author of Maine Bred Horses. 



The Horseman, Chicago, III. 
Mr. Joseph Battell, 

My Dear Sir : — ^The complimentary copy of The Morgan Horse and Register 

which you are good enough to send me came safely to hand. It is by long odds the 

most complete and comprehensive work of the kind ever issued, and all the friends 

and breeders of the Morgan horse owe you a life-long debt of gratitude for your 

painstaking labor in the field of your choice. It is not only of special value to Morgan 

horse breeders, but to all others engaged in the light harness horse industry. The 

illustrations serve a very good purpose and the makeup of the book renders it an 

ornament to any library. I will give it careful public review at the first chance. 

Meantime, with best wishes, I am 

Yours sincerely, E. C Walker. " Veritas." 



AMERICAN STALLION REGISTER 

IN SIX VOLUMES 
BY JOSEPH BATTELL. 



(( \\T^ have received Volume I. of the above work compiled 
V Y and published by Joseph Battell of Middlebury, Vt, Mr. 
Battell has probably spent more time, and more of his own money, and 
has traveled a greater number of miles in search of information relat- 
ing to the origin and breeding of the light-harness horses of America, 
than all the other authors who have ever written upon this subject. 
He is an ardebt admirer of the Morgan family of horses, and the 
author of the very interesting standard work, * The Morgan Horse and 
Register.' 

" Volume I. of the American Stallion Register is a well-boimd book 
that contains 890 pages of matter relating to pedigrees, etc., exclusive 
of more than 200 pages of interesting historical and miscellaneous in- 
troductory matter, and also contains many fine illustrations mostly of 
noted horses. The names of the stallions whose pedigrees are given 
are arranged in alphabetical order. This volume contains all stallions 
with names beginning with A, B and C. From a hasty examination of 
the work we believe it to be both interesting and valuable to all breeders 
of light-harness stock and students of the breeding problem. Many 
of the pedigrees are different than given in Wallace's American Trotting 
Register, but Mr. Battell gives his authority for the change and publishes 
many letters concerning the horses, that he has received from parties 
who had owned or known the animals. Volume II. is nearly ready for 
the press." — S. U\ Parlin in American Horse Breeder ^ April 2^ ^ igOQ. 
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[From The Horse Review, Chicago, May ii, 1909]. 

We are in receipt, from the publishers, the American Publishing 
Company, of Middlebury, Vt., of Volume I. of the American Stallion 
Register, a very handsome book of nearly 900 large and elegantly 
printed pages, which the sub-title describes as including — 

"All stallions prominent in the breeding of the American roadster, 
trotter and pacer, from the earliest records to 1902. And this includes 
nearly all imported English thoroughbreds, and their more distinguished 
get, together with many the English stallions from which they are 
descended; all sires of 2 130 trotters or 2 125 pacers; also the rating 
of Morgan blood in all of these stallions so far as known. Compiled 
from original sources, with many pedigrees, hitherto incorrectly recorded, 
corrected (in all cases the evidence upon which this is done being 
given), and many more pedigrees extended." 

The author, as these statements will lead those familiar with pedi- 
grees to apprehend, is Mr. Joseph Battell, of Middlebury, Vt., the 
author of that very valuable work, " The Morgan Horse and Register," 
which is one of those most indispensable in the Review's library. Mr. 
Battell is widely known, and has been for a long term of years, one of 
the most indefatigable tracers of trotting and pacing pedigrees in 
America. Like the " Morgan Horse and Register," the present work 
has been published by Mr. Battell at his own expense and is another 
monument to his devotion and endeavors. Its magnitude can be 
appreciated best when it is stated that although the portion of the 
volume devoted to the list of stallions registered extends, with the 
"Additions and Corrections," to over 800 pages, it covers only the first 
three letters of the alphabet. From this it may be estimated that at 
least three more volumes of similar size will be necessary to complete 
the work ; of which we learn that volume II., is now n earing com- 
pletion. 

Light-Harness horse breeders owe Mr. Battell a heavy debt of grati- 
tude for the enormous amount of time and money that he has expended 
in labors of which they are the chief beneficiaries, and we hope that 
they are sensible of it. We, in particular, take pleasure in expressing 
a lively sense of our own gratitude to him. We cannot say that wc 
endorse all the versions of disputed pedigrees that he has accepted as 
correct and so registered ; of many of them we have considerable doubt 
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while others we disagree in entirely. But this does not affect our 
opinion that in his pages will still be found a mass of facts of great im- 
portance that are nowhere else accessible — which alone confers a very 
high, and in some ways extraordinary, value upon them. 

Typographically the " American Stallion Register" is superb, as it is 
also as a piece of mechanical book-making, offering thereby a great 
contrast to the official " American Trotting Register," which in these 
respects, leaves much to be desired. Aside from the registration 
department, Volume I. contains over 200 pages of miscellaneous and 
historical articles, reprinted from .various publications which the com- 
piler has selected as being of value for preservation in permanent form ; 
while there are profuse illustrations of noted stallions and landscape 
views of localities notable in breeding annals. 

We tender our thanks to Mr. Battell for the volume and our compli- 
ments upon its publication, and trust that nothing may prevent the 
appearance of the succeeding ones in due time. 



Preston, Mixx., May 13, 1909. 
Hon. Joseph Battell, 

Dear Sir : — Volume I. of the American Stallion Register, to a truth 
seeker in pedigrees, is as important as Supreme Court decisions to a 
lawyer. No other record presents the evidence which you have gathered 
concerning doubtful pedigrees. Other compilers have presented con- 
clusions, merely, with rarely any evidence and that invariably favorable 
to one side. To submit the whole case and allow the public to judge, 
whether your conclusions are in accord with the evidence or not, is a 
course which should have been the rule for others as well as yourself. 

The Wallaceian versions of many pedigrees are now found to have 
been based upon his predjudices, surmises and desires without any 
tangible evidence to support them. In fact the evidence in some 
instances presented to him, destroyed the versions he doggedly ad- 
hered to. 

No horseman's library is complete without your Stallion Register and 
no student of breeding can hope to know the truth without reference 
to it 

Yours truly, M. T. Grattan. 



[From Breeder and Sportsman, San Francisco, Cal.] 

MR. JOSEPH BATTELL, author of the Morgan Horse and Reg- 
ister, has sent us Volume L of his latest publication, the American Stal* 
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lion Register, printed by the American Publishing Company of Middle- 
bury, Vt. It is a beautifully printed and illustrated book of nearly looo 
pages, the frontispiece being a half-tone reproduction of ex-President 
Roosevelt mounted on a charger that is leaping a fence. Volume II. 
of this work is largely in plate and will soon be issued. The work is 
one that has cost Mr. Battell a vast amount of labor and money, and it 
will be of great value to all who are interested in horse pedigrees. 
Volume I. contains the names of horses arranged alphabetically from A. 
to C. inclusive. The entire work will consist of six volumes and the 
price is $5 per volume. 

The first Volume of "American Stallion Register" has just come to 
hand. It is a beautiful book, bound in the most substantial and 
approved manner, and printed in good clear type. 

There are 65 illustrations. Many of these are of noted horses, others 
are of the localities from which these horses come, and are beautifully 
executed. The Introduction consisting of over 200 pages, opens with 
a chapter tracing the horses bred in the Province of Quebec during the 
first half of the nineteenth century, and which entered in a remark- 
able degree into the breeding of the early American trotters and pacers. 
It is shown that the foundation of this stock was the original Morgan 
horse, imix)rted into northern Vermont adjoining the Province of Que- 
bec, in 1792. Several of his sons were taken to Canada and from this 
stock crossed with other American and Canadian blood came the large 
numbers of very fast trotters and pacers, which were imported into the 
middle, western and southern states, especially Maryland, Kentucky, 
Indiana and Missouri, included among the first of which were. Copper- 
bottom, Pilot, Tom Hal, Davy Crocket, and many others. Following 
this chapter the Introduction is divided into Historical, Breeding, The 
Morgan Horse and Miscellaneous, and includes letters from quite a num- 
ber of the more prominent early turf writers, Hon. J. S. Skinner, author 
of the Turf Register, 1829-43; Sanford Howard editor of American 
Cultivator ; John H. Wallace, founder of the American Trotting Reg- 
ister ; James D. Ladd ; Cyrus Lukens and the very prominent breeders. 
Senator Stanford, Lucas Brodhead (manager of the great Woodbum 
farm owned by R. A. Alexander and later A. J. Alexander), Henry N. 
Smith, C. J. Hamlin and others. In the Introduction are also two very 
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interesting articles on " The Norfolk Trotter " and "The Modem Type 
of the Hackney Horse'' from the English Hackney Stud Book. 

Anyone carefully studying the first two htmderd pages would get a 
liberal education in horse lore and much that is new to the best posted 
horsemen in our country. The balance of the book is taken up with 
the Register proper when the name, date and place of birth, description 
and breeder when known are given, followed by short history of turf 
and stud career with the number of their get in the list and number 
of producing sires and dams. The illustrations of noted horses are 
very fine and include Justin Morgan, Black Hawk, Ethan Allen, Fear- 
naught, Alexander's Abdallah, Goldsmith's Maid, Almont, Arion, Flora 
Temple, Blue Bull, Brown Hal, Cresceus, Columbus and many others. 

This volume only covers the three first letters of the alphabet, hence, 
only horses whose names begin with these letters are inserted. If the 
succeeding volumes are as interesting and complete as this, the work 
will when finished, be the most valuable work of the kind published 
in this country, and should be in every library, private and public, in 
the land. We understand there are to be six volumes in all and that 
they will be issued as speedily as possible. The price is five dollars per 
volume, postage or express prepaid. — Charles A, Chapman, the well 
known correspondent of several turf journals J in Middlebury (Vt,) Reg- 
ister^ May 7, igog. 

Lawrence, Kan., May 24, 1909. 

Hon. Joseph Battell, Middlebury, Vt 

Dear Sir : — I am in receipt of a copy of the ist Volume of your 

American Stallion Register, and thank you very much, both for the 

book and the compliment. From what examination I have been able 

to give it, the work impresses me as incomparably superior to any that 

has preceded it in the same line. I have no doubt but that it will 

prove popular with horse breeders generally, and with horse lovers as 

well 

Very truly yours, O. E. Learnard. 

New York Crrv, May 21, 1909. 
Dear Mr. Battell, 

I am in receipt of your new book, and beg to thank you for it. Of 
course I have not examined it thoroughly, but can see at a glance that 
it involves a vast amount of work and will prove exceedingly valuable 
for reference. Wishing you success with it I am with best regards. 

Yours truly, Hamilton Busby* 
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CONNERSVILLE, InD., JunC 2, 1909. 

Mr. Joseph Battell, 

Dear Sir : — I received my copy of the American Stallion Register, 
Vol. I., and I consider I got value received the first evening I studied it. 

I had spent ^5 worth of time and expense in trying to trace the 
breeding of the Ben Snatcher horses which stood in Morgan County 
and in my own home town Plainfield, Hendricks County. Your Book 
told me just what I wanted to know about the Ben Snatchers. 

I also wanted to know about the Copperbottoms, and was very much 
interested in reading about old Copperbottom. I have shod a great 
many roan Copperbottoms. 

I prize the Stallion Register very much and I want to congratulate 
you on the wide open manner in which you have treated the informa- 
tion you have received. I do not blame you for being predjudiced in 
favor of the Morgan Horse, but it is a good thing to show the world 
your information, rather than your opinions. The book represents a 
large amount of careful work and I appreciate it. With best wishes 

^ ^^' Respectfully, John T. Wilkin. 

Orwell, Vt., June 7, 1909. 
Hon. Joseph Battell, 

My Dear Sir : — I hope you will not interpret this rather untimely 
acknowledgment of your very kind fcivor of Vol. I., of American Stal- 
lion Register as an indication that it was not fully appreciated, for it 
certainly was and it reflects great credit upon your untiring perse- 
verance in compiling it. It should be in every library where there is 
any interest or love for that most noble of all animals — the Horse. 
Again thanking you, j ^^ ^^,y^ ^ ^ ^^^^ 

THE HOME LIBRARY. 



ILLUSTRATED with 125 very superior half tones, consisting of 
American and foreign scenery, portraits of distinguished authors, 
and copies of celebrated paintings. Volume L, consists of 429 pages 
besides illustrations. 

This is one of the most elegant books of the kind ever published, 
comprising 138 selections from Goethe, Schiller, Cervantes, Bums, 
Irving, Scott, Campbell, Plato, Cicero, Parkman, Lowell, Bryant, 
Addison, and 75 other standard Authors. 
Price, cloth $2.00 ; Morocco, full gilt, ^4.00. 
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